CP violation and FCNC in a warped A4 flavor model by Kadosh, Avihay & Pallante, Elisabetta
CP violation and FCNC in a warped
A4 flavor model
Avihay Kadosha and Elisabetta Pallantea
a Centre for Theoretical Physics, University of Groningen, 9747 AG, Netherlands
a.kadosh@rug.nl, e.pallante@rug.nl
Abstract
We recently proposed a spontaneous A4 flavor symmetry breaking scheme imple-
mented in a warped extra dimensional setup to explain the observed pattern of quark
and lepton masses and mixings. The quark mixing is induced by bulk A4 flavons me-
diating “cross-brane” interactions and a “cross-talk” between the quark and neutrino
sectors. In this work we explore the phenomenology of RS-A4 and systematically ob-
tain bounds on the Kaluza-Klein mass scale implied by flavor changing neutral current
(FCNC) processes. In particular, we study the constraints arising from Re(′/K),
b → sγ, the neutron EDM and Higgs mediated FCNCs, while the tree level contribu-
tion to K through a KK gluon exchange vanishes. We find an overall lower bound
on the Kaluza-Klein mass scale MKK & 1.3 TeV from FCNCs, induced by b → sγ
differently from flavor anarchic models. This bound is still weaker than the bound
MKK & 4.6 TeV induced by ZbLb¯L in RS-A4. The little CP problem, related to the
largely enhanced new physics contributions to the neutron EDM in flavor anarchic
models, is absent. The subtleties of having the Higgs and flavons in the bulk are taken
into account and final predictions are derived in the complete three-generation case.
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1 Introduction
In a recent paper [1] we have proposed a model based on a bulk A4 flavor symmetry [2]
in warped geometry [3], in an attempt to describe masses and mixing patterns of Standard
Model (SM) quarks and leptons. As in previous models based on A4 [4], the three generations
of left-handed quarks transform as triplets of A4; this assignment forbids tree level gauge
mediated FCNCs and allows to obtain realistic masses and almost realistic mixing angles
in the quark sector. The scalar sector of the RS-A4 model contains two bulk flavon fields,
in addition to a bulk Higgs field. The bulk flavons transform as triplets of A4, and allow
for a complete “cross-talk” [5] between the A4 → Z2 spontaneous symmetry breaking (SSB)
pattern associated with the heavy neutrino sector – with scalar mediator peaked towards the
UV brane – and the A4 → Z3 SSB pattern associated with the quark and charged lepton
sectors – with scalar mediator peaked towards the IR brane. A bulk custodial symmetry,
broken differently at the two branes [6], guarantees the suppression of large contributions to
electroweak precision observables [7], such as the Peskin-Takeuchi S, T parameters. However,
the mixing between zero modes of the 5D theory and their Kaluza-Klein (KK) excitations
– after 4D reduction – may still cause significant new physics (NP) contributions to SM
suppressed flavor changing neutral current (FCNC) processes.
In the most general case, without imposing any additional flavor symmetry and assuming
anarchical 5D Yukawa couplings, new physics contributions can already be generated at
tree level through a KK gauge boson exchange. Even if a RS-GIM suppression mechanism
[8, 9] is at work, stringent constraints on the KK scale come from the K0 −K0 oscillation
parameter K and the radiative decays b→ s(d)γ [10, 15], the direct CP violation parameter
′/K [16], and especially the neutron electric dipole moment [10], where a KK mass of O(3
TeV) gives rise to a NP contribution which is roughly forty times larger than the current
experimental bound – a CP problem in itself, referred to as little CP problem. The bounds
become increasingly stringent by IR localizing the Higgs field.
Conclusions may differ if a flavor pattern of the Yukawa couplings is assumed to hold in
the 5D theory due to bulk flavor symmetries. They typically imply an increased alignment
between the 4D fermion mass matrix and the Yukawa and gauge couplings, thus suppressing
the amount of flavor violation induced by the interactions with KK states. One example that
removes or suppresses all tree level contributions is the generalization to 5D of minimal flavor
violation in the quark sector [11] and in the lepton sector [12, 13]. In these settings, the bulk
mass matrices are aligned with the 5D Yukawa matrices as a result of a bulk [U(3)]6 flavor
symmetry that is broken in a controlled manner. In [14] a shining mechanism is proposed,
where the suppression of flavor violation in the effective 4D theory on the IR brane is obtained
by confining the sources of flavor violation to the UV brane, and communicating its effects
through gauge bosons of the gauged bulk flavor symmetry.
In our case, the most relevant consequence of imposing an A4 flavor symmetry is the degen-
eracy of the left-handed fermion bulk profiles fQ, i.e. diag(fQ1,Q2,Q3) = fQ × 1. In addition,
the distribution of phases, CKM and Majorana-like, in the mixing matrices might induce
zeros in the imaginary components of the Wilson coefficients contributing to CP violating
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quantities. In [1] we already observed a few consequences of the A4 flavor symmetry. First,
the new physics contribution to K coming from a KK gluon exchange at tree level vanishes
[1], thus relaxing the most stringent bound on the KK scale induced by K in flavor anarchic
models [16]. This leaves b→ s(d)γ, ′/K , the neutron EDM and Higgs mediated FCNCs as
possible candidates to produce the most stringent lower bounds on the KK scale. In addi-
tion, a milder lower bound from the EDM and ′/K should be expected in our model due
to the vanishing of down-type dipole contributions in the naive spurion analysis and mass
insertion approximation. It should also be interesting to compare this pattern to the case
of larger realizations of the flavor symmetry, like T ′ [17], usually associated with a rather
richer flavon sector.
In this paper we analyze the above processes, b→ s(d)γ, ′/K , the neutron EDM and Higgs
mediated FCNC (HMFCNC) processes [18, 19], in the context of RS-A4. Differently from
flavor anarchy, it is particularly relevant in this case to properly describe the flavor pattern
of Yukawa interactions and the mixing among generations. For this reason, we predict all
quantities at various levels of approximation, starting with the generalization of the spurion
analysis in the mass insertion approximation to include bulk effects parameterized by overlap
factors. The latter quantities measure the deviation from the case of a IR localized Higgs. We
then proceed beyond the mass insertion approximation, for each generation separately: this
means that KK mass eigenstates for each separate generation are obtained by disregarding
generational mixing, while the latter is approximately described by the flavor structure of
the spurion analysis. Finally, we compare with the exact three-generation case, where all
contributions are obtained in terms of the KK mass eigenstates, after the complete mass
matrix for the zero modes and KK modes is diagonalized numerically, or by means of an
approximate analytical procedure.
The paper is organized as follows. In Sec. 2 we recall the important components of the
RS-A4 model proposed in [1], focusing on the Yukawa sector of the theory. In Sec. 3 we
derive new physics contributions to the Wilson coefficients of magnetic and chromo-magnetic
dipole operators, relevant for the estimate of the neutron EDM, b → sγ and Re(′/K). In
particular, we describe the various degrees of approximation, in which the KK mixing within
each generation and the mixing among generations can be incorporated. The analysis is then
performed separately for each observable in Sec. 5 and predictions are studied by varying
the model input parameters. Sec. 6 describes Higgs mediated FCNC processes. We conclude
in Sec. 7. A few appendices are included. The overlap factors are defined and computed in
Appendix A. Appendix B contains details of the diagonalization of the KK mass matrices
in the one-generation approximation and for three-generations.
2 Quark sector of the A4 warped model
We start by reviewing some useful results and definitions for the quark sector in RS-A4.
In this model [1] we adopt a custodial RS setup without an additional PLR symmetry [21].
We then assign the three generations of left-handed fermion weak doublets to triplets of the
discrete non-abelian flavor symmetry, A4. The right-handed charged fermions are assigned
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to the 3 distinct one-dimensional representations of A4. The SSB pattern A4 → nothing
is driven by the VEVs of two flavons Φ and χ, which are assigned to be triplets of A4
peaked towards the IR and UV branes, respectively, and it is responsible for the generation
of fermion masses and mixings in good agreement with the experimental results [20].
2.1 The 4D Yukawa Lagrangian
Since the Higgs field and the A4 flavons Φ and χ live in the bulk, it will be instructive to
generalize [16] and write the 4D Yukawa lagrangian in terms of overlap correction factors
r’s, which quantify the deviation from the IR localized case. All overlap factors, defined as
the ratio between the bulk wave function overlaps and the approximate coupling on the IR
brane, are derived in Appendix A.
The leading order (LO) 4D Yukawa lagrangian, generated by the LO 5D and A4-invariant
Yukawa lagrangian in [1], and including all the effective interactions in the KK tower, car-
ries similar structure in the up- and down-quark sector. In particular, the leading order
interactions with the neutral Higgs can be written as follows
L4D ⊃ Yˆ u,dij h(∗)0(4D)
[
ψ0†Qif
−1
Qi
ψ0uj ,djf
−1
uj ,dj
rHΦ00 (cQi , cuj ,dj , β) +
∑
n ψ
0†
Qi
f−1Qi ψ
n
uj ,dj
rHΦ0n (cQi , cuj ,dj , β)
+
∑
n ψ
0†
Qi
f−1Qi ψ
n−+
uj ,dj
rHΦ0n−+(cQi , cdj ,uj , β) +
∑
n ψ
n†
Qi
ψ0uj ,djf
−1
uj ,dj
rHΦn0 (cQi , cuj ,dj , β)
+
∑
n,m ψ
n†
Qi
ψmuj ,djr
HΦ
nm (cQi , cuj ,dj , β) +
∑
n,m ψ
n−−
Qi
(ψm
−−
uj ,dj
)†rHΦn−m−(cQi , cuj ,dj , β)
+
∑
n,m ψ
n†
Qi
ψm
−+
uj ,dj
rHΦnm−+(cQi , cdj ,uj , β) +
∑
n,m ψ
n−−
Qi
(ψm
+−
uj ,dj
)†rHΦn−m+−(cQi , cdj ,uj , β)
]
,
(1)
where h
(∗)
0(4D) couples to the down (up) sector, corresponding to the first (second) label in cqi,q′i ,
and fQi,ui,di =
√
2k/χˆ0Qi,ui,di , with χˆ0Qi,ui,di the canonically normalized zero mode profile of
the corresponding fermion at the IR brane – see Appendix A. With the same convention, all
KK wave functions on the IR brane are approximately equal to
√
2k. The ψ’s denote the
4D wave functions of the fermion fields in the KK tower. The boundary condition (BC) for
each KK mode is also specified. Unless stated otherwise, the BC are of the type (++) on the
UV and IR brane, respectively. A single (−) in the overlap subscript stands for (−−), and
all other BC are fully specified. In the custodial case, each fermion zero mode, with (++)
boundary conditions, is accompanied by three first level KK modes, with (++), (−−) and
(+−) (or (−+)) boundary conditions. The quantities rHΦnm are the overlap correction factors
for the states n and m calculated in appendix A. They are functions of the left-handed
(LH) fermion bulk mass parameters cQi , the right-handed (RH) ones cdi,ui and the scalar
bulk mass parameter β (see appendix A). The Higgs field transforms as a bidoublet under
SU(2)L × SU(2)R, but contains only two degrees of freedom, h0 and h+
H = ( H H˜ ) = ( h∗0 h+−h∗+ h0
)
h0(x, y) = vH(βH , y) +
∑
n
h
(n)
0 (x)φn(y) . (2)
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The profile of the Higgs VEV along the fifth dimension (see also [22]) is
vH = H0e
(2+βH)k(|y|−piR) , (3)
with βH =
√
4 + µ2H , and µH the bulk mass of the 5D Higgs field in units of the AdS5
curvature scale k ≈ MPl. As in [1], we assume βH ' 2, which yields H0 ' 0.39M3/2Pl , for
kpiR ' 34.8 and matching with the measured W boson mass. In addition, the profile of the
physical higgs h
(1)
0 (y) is almost identical to the VEV profile for mh << MKK . The VEV
profile for the A4 flavon Φ, peaked towards the IR brane, is of similar structure to the one of
the Higgs, with βφ ' 2 and Φ0 ' 0.577M3/2Pl . The VEV profile of the UV peaked A4 flavon,
χ, will only enter through the subdominant Yukawa interactions and is approximately
vχ = χ0e
(2−βχ)k|y|(1− e(2βχ)k(|y|−piR)), (4)
with βχ ' 2 and χ0 ' 0.155M3/2Pl . The leading order 5D and A4-invariant Yukawa lagrangian
in [1], consisting of operators of the form (yui,di,ei/M
2
Pl)Q¯L(L¯L)ΦHuRi(dRi , eRi), was shown to
induce the same pattern of masses and mixings in the up, down and charged lepton sectors.
After spontaneous symmetry breaking of A4, by the VEVs of the Φ triplet, the leading order
4D Yukawa matrices in these sectors take the form
(Yˆ u,d,eij )LO =
2v4DΦ e
kpiR
k
 yu,d,e yc,s,µ yt,b,τyu,d,e ωyc,s,µ ω2yt,b,τ
yu,d,e ω
2yc,s,µ ωyt,b,τ
 ≡ 2v4DΦ ekpiR
k
(yˆu,d,eij )LO , (5)
where yu,d,e are the dimensionless 5D Yukawa couplings and ω = e
2pii/3. The parame-
ter v4DΦ denotes the 4D VEV of Φ in the IR localized case, and it is given by Φ0 '√
2k (1 + βΦ)v
4D
Φ e
kpiR, up to exponentially suppressed contributions – see Appendix A for its
exact expression. Notice that, differently from the flavor anarchic case, the overlap factors in
Eq. (1) are now functions of the VEV profiles of all scalar fields, H and Φ at leading order,
with β = βH +βΦ. The other crucial ingredient of the RS-A4 model is the degeneracy of the
LH fermion bulk mass parameters, since the corresponding fermions are unified in triplets
of A4; consequently fQi ≡ fQ and χˆ0Qi ≡ χˆ0Q in Eq. (1).
The Yukawa texture in Eq. (5) was shown [1] to induce the same left-diagonalization matrix
V u,d,eL = U(ω) =
1√
3
 1 1 11 ω ω2
1 ω2 ω
 (6)
for all charged fermions and in particular for the zero modes, identified with the SM fermion
content. At leading order, the right diagonalization matrix for all charged fermions is simply
the identity. This pattern of the diagonalization matrices, independent of the leading order
5D Yukawa couplings, will be shown not to induce any of the flavor violating interactions
we wish to inspect.
The deviation from unity of the CKM matrix, and thus quark mixing, is induced by cross-
talk effects [5] in RS-A4 [1]. They mediate between the IR and UV branes and between the
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SSB patterns of the neutrino and quark sectors, in the form of higher dimensional operators
(1/M
7/2
Pl ) Q¯LΦχH(uR, u
′
R, u
′′
R, dR, d
′
R, d
′′
R) and breaking completely the A4 flavor symmetry.
Each of these operators turned out to yield two independent contributions to the up- and
down-quark mass matrices, for which we label the dimensionless 5D coefficients as x˜u,di and
y˜u,di . Since the leading order diagonalization matrices are independent of the corresponding
Yukawa couplings, the perturbed diagonalization matrices are governed by x˜u,di , y˜
u,d
i only.
Although we need a specific assignment of these parameters to match the CKM matrix while
maintaining the magnitude of all parameters naturally of order one, we will explore the full
parameter space of the model to account for the largest possible contributions of new physics
to FCNC processes. They will provide the most stringent constraints on the KK mass scale
in the RS-A4 setup. The 4D Yukawa matrix induced by the above higher order effects can
thus be parameterized as follows
(Yˆ u,dij )NLO =
2v4DΦ v
4D
χ e
2kpiR
k2
 x˜u,d1 x˜u,d2 x˜u,d30 0 0
y˜u,d1 y˜
u,d
2 y˜
u,d
3
 ≡ 2v4DΦ v4Dχ e2kpiR
k2
(yˆu,dij )NLO . (7)
This time the VEV profile of the UV peaked flavon field χ will also enter all the corresponding
overlap correction factors, leading to the NLO 4D lagrangian analogous to Eq. (1), with
overlaps rHΦχnm as defined in appendix A. The modified left- and right-diagonalization matrices
for the up and down mass matrix have a simple structure, up to and including linear terms
in x˜u,di , y˜
u,d
i and working in the zero mode approximation (ZMA)[1]. The left-handed matrix
is given by
V qL = U(ω)
 1 f q2χ (x˜q2 + y˜q2) f q3χ (x˜q3 + y˜q3)−f q2χ [(x˜q2)∗ + (y˜q2)∗] 1 f q3χ (x˜q3 + ωy˜q3)
−f q3χ [(x˜q3)∗ + (y˜q3)∗] −f q3χ [(x˜q3)∗ + ω2(y˜q3)∗] 1
 , (8)
with q = u, d and f qiχ = 4Cχ/(12− cLq − cqi), with Cχ = χ0/k3/2 ' 0.155 and ω = e2pii/3. In
[1], we assigned the degenerate left-handed bulk parameter cLq = 0.4, and the right-handed
parameters cu = 0.78, cd = 0.76, cs = 0.683, cc = 0.606, cb = 0.557 and ct = −0.17, to
yield the physical running quark masses at the KK scale of 1.8 TeV and satisfy the stringent
constraints coming from ZbLb¯L. The CKM matrix elements to first order in f
qi
χ (x˜
u,d
i , y˜
u,d
i )
are easily obtained from VCKM = (V
u
L )
†V dL , leading to
Vus = −V ∗cd '
(
(x˜d2 + y˜
d
2)f
s
χ − (x˜u2 + y˜u2 )f cχ
)
, (9)
Vcb = −V ∗ts '
(
(x˜d3 + ωy˜
d
3)f
b
χ − (x˜u3 + ωy˜u3 )f tχ
)
, (10)
Vub = −V ∗td '
(
(x˜d3 + y˜
d
3)f
b
χ − (x˜u3 + y˜u3 )f tχ
)
. (11)
An almost realistic CKM matrix can be obtained with minimal deviations from the univer-
sality assumption that all magnitudes of x˜u,di , y˜
u,d
i are of O(1); in particular
x˜u2 = y˜
u
2 = −x˜d2 = −y˜d2 = eiδ
u
2 , x˜u3 ' 0.67− 0.19i , y˜d3 ' 0.59− 0.23i . (12)
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Considering the global fit of the parameters of the Wolfenstein parametrization [20], we can
obtain real Vus and consequently real Vcd with the choices δ
u
2 = 0, pi. All other x˜
u,d
i , y˜
u,d
i
parameters are simply set to unity, as explained in [1]. The CKM matrix obtained by this
choice has |Vus| = |Vcd| = 0.2257, |Vcb| = |Vts| = 0.0415, |Vub| = |Vtd| = 0.00359 and Vii = 1.
The phase of Vub is matched by the same assignments to its experimental value, δ ' 1.2,
while the other off-diagonal elements are real. This provides an almost realistic CKM matrix.
The main deviation from the global fit [20] amounts to the difference in magnitude of Vub
and Vtd. In addition, one still has to account for the O(λ2CKM) deviations from unity of the
diagonal elements and match the phases of the CKM elements to the 9 constraints implied
by the Jarlskog invariant. All deviations have to come from higher order corrections in the
RS-A4 model, rendering the corresponding parameter assignments less appealing.
The right diagonalization matrices do not enter the CKM matrix, however, they are crucial
in the evaluation of the Wilson coefficients contributing to the FCNC processes we are
interested in. To first order in f qiχ (x˜
u,d
i , y˜
u,d
i ) one obtains
V qR =
 1 ∆q1 ∆q2−(∆q1)∗ 1 ∆q3
−(∆q2)∗ −(∆q3)∗ 1
 , (13)
where q = u, d and the ∆qi are given by:
∆q1 =
mq1
mq2
[
f q1χ
(
(x˜q1)
∗ + ω2(y˜q1)
∗)+ f q2χ (x˜q2 + y˜q2)] , (14)
∆q2 =
mq1
mq3
[
f q1χ ((x˜
q
1)
∗ + ω(y˜q1)
∗) + f q3χ (x˜
q
3 + y˜
q
3)
]
, (15)
∆q3 =
mq2
mq3
[
f q2χ ((x˜
q
2)
∗ + ω(y˜q2)
∗) + f q3χ (x˜
q
3 + ωy˜
q
3)
]
. (16)
The suppression by quark mass ratios of the off-diagonal elements in V u,dR will turn out to
play an important role in relaxing the flavor violation bounds on the KK mass scale, as
compared to flavor anarchic frameworks.
2.2 Parameter counting and physical phases
In order to estimate the new physics contributions associated with the imaginary parts of
amplitudes, we need to know how many real and imaginary physical parameters are in our
model. We start with the 6 leading order Yukawa couplings yqi and the 12 x˜
q
i and y˜
q
i couplings
of the cross-talk operators, Q¯LΦχH(uR, u
′
R, u
′′
R, dR, d
′
R, d
′′
R). Besides the Yukawas, we have 6
real and 3 imaginary parameters in the spurions Fu,d = diag(f
−1
uj ,dj
), and 1 real parameter
FQ = f
−1
Q 1. Hence, in total, we have 31 real and 24 imaginary parameters in the most
general case.
We now consider the flavor symmetry breaking pattern before the SSB of A4, U(3)Q ×
U(3)u × U(3)d −→ A4, induced by the leading order Yukawa lagrangian and the cross-talk
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operators in charge of quark mixing. We realize that we can eliminate 17 phases – the baryon
number should still be conserved – and 6 real parameters. This leaves us with 25 physical
real parameters, that is the 12 mixing angles in V u,dL,R, 6 quark masses and the 7 eigenvalues
of FQ,u,d. In the imaginary sector, we are left with 7 phases, 4 of which are CKM-like phases,
one in each of the V u,dL,R matrices, while the other 3 are Majorana-like phases which can be
rotated between the left and right diagonalization matrices of both the up and down sectors.
We should take these phases into account when evaluating the imaginary parts of amplitudes
and we will do so by parametrizing the phase of each element of V u,dL,R in terms of phases of
the parameters x˜u,di and y˜
u,d
i , which govern the structure of the diagonalization matrices.
3 Dipole Operators and helicity flipping FCNCs
FCNC processes are known to provide among the stringest constraints for physics beyond the
standard model. This is also the case for flavor anarchic models in warped extra dimensions
[10, 15, 16]. In the quark sector, significant bounds on the KK mass scale may typically
come from the neutron electric dipole moment (EDM), the CP violation parameters K and
Re(′/K), and radiative B decays such as b → sγ. All these processes are mediated by
effective dipole operators. It is also well known [23] that SM interactions only induce, to
leading order, the dipole operators O7γ and O8g
O7γ(8g) = d¯
i
Rσ
µνdjLFµν(Gµν), (17)
where Fµν and Gµν are the field strength of the electromagnetic and chromomagnetic in-
teractions and i, j are flavor indices. For i > j, as b¯Rσ
µνFµνs, the SM contribution to the
Wilson coefficients of the opposite chirality operators O′7γ,8g is suppressed by the correspond-
ing quark mass ratio, and thus negligible. This might turn out to be a unique feature of the
SM not shared by NP contributions. It is therefore instructive to study new physics contri-
butions of any flavor model to the operators O7γ,8g and to the opposite chirality operators,
O′7γ,8g, and compare with experimental results. In the following we show that, differently
from flavor anarchic models, the RS-A4 model shares the SM features, with no enhancement
of the opposite chirality operators.
3.1 Flavor structure of Dipole operators
The new physics contributions to the FCNC processes we are interested in are generated at
one-loop by the Yukawa interactions between SM fermions and their KK excitations, leading
to the diagrams shown in Fig. 1 and Fig. 2. To obtain the flavor structure for the Wilson
coefficients of the corresponding dipole operators we first recall the spurion analysis in the
mass insertion approximation of [10], corresponding to the IR localized Higgs case. The
contributions associated with internal KK down quarks in the special interaction basis1 can
1The basis in which FQ,u,d are real and diagonal is referred to as the special interaction basis in [10] and
the rest of this paper.
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Figure 1: One-loop down-type (neutral Higgs)
contribution to b→ sγ, ′/K and the neutron
EDM (for external d quarks). The analogous
one-loop up-type contribution (charged Higgs)
contains internal up-type KK modes.
Figure 2: Charged Higgs one-loop contribu-
tion to b → sγ and the neutron EDM. The
latter has external d quarks.
be written as
(Cd−type7γ(8g) )ij = A
1L v
MKK
(
FQ YˆdYˆ
†
d Yˆd Fd
)
ij
, (18)
where v ≡ v4DH = 174 GeV denotes the Higgs VEV, Yˆd the 5D Yukawa matrices and the
fermion profile matrices are FQ,u,d = diag(f
−1
Qi,uj ,dj
) – see also appendix A. Finally, the factor
A1L = 1/(64pi2MKK) comes from the one-loop integral for the diagram in Fig. 1
2 and the
factor v/MKK comes from the mass insertion approximation. The contributions associated
with internal up-type KK quarks (and a charged Higgs) in Fig. 1 will analogously be given
by:
(Cu−type7γ(8g) )ij = A
1L v
MKK
(
FQ YˆuYˆ
†
u Yˆd Fd
)
ij
, (19)
written again in the special interaction basis. The neutron EDM and b → sγ receive an
additional up-type contribution from the diagram in Fig. 2, which carries the same flavor
(and overlap) structure of the up-type diagram in Fig. 1 and a one-loop amplitude that
differs by a sign to a very good approximation3. Hence, the total up-type contribution is
obtained by replacing A1L with
(A˜1Lu ) = A
1LQu + A
1L
HγQh− = A
1L(
2
3
+ 1) =
5
3
1
64pi2MKK
, (20)
where Qu and Qh− are the electric charges of an up-type quark and the negatively charged
Higgs, respectively.
Thus far we have not considered the modifications of the above spurion structures due to
the overlap of internal KK quarks, external fermion zero modes, and bulk scalar fields Φ, χ
and Higgs field, encoded in the various rnm factors in Eq. (1). Since the bulk nature of all
2Notice that we assumed degenerate KK masses with common mass MKK and the result is valid in the
limit mH MKK . We also disregard subdominant W/Z mediated diagrams.
3Neglected contributions are suppressed by mass ratios mdi/MKK , see [15] for a derivation of those terms.
8
5D fields is an essential feature of our model, the effect of all overlaps should be taken into
account. In the following section we derive the analogous of Eqs. (18) and (19), corrected
by the overlap factors in our model. Subsequently, we show that conservatively reducing the
overlap corrections to an overall multiplicative factor will suffice for a conservative estimate of
most of the flavor violation bounds on the KK scale in our model, and it will be instructive for
the comparison with other flavor scenarios and in particular warped flavor anarchic models.
3.2 The spurion-overlap approximation
Observing the Yukawa Lagrangian of Eq. (1), we realize that the spurion analysis in the
mass insertion approximation can only directly account for the interactions (and related
overlaps) associated with (++) KK modes or a combination of (−+) and (++) KK modes
as internal states in the Feynman diagrams of Figs. 1 and 2. However, since the first KK
masses of each fermion are nearly degenerate (see appendix B), they almost maximally mix.
Therefore, we expect that the contributions of the three distinct KK modes of each given
fermion, can be estimated to a good approximation by only considering the modes directly
entering the spurion analysis. The corresponding overlap correction factors now enter in the
spurion structures of Eqs. (18) and (19) to yield in the special interaction basis
(Cd,u7 )(++) ∝ FQYˆd,u r01(cQi , cd`1 ,u`1 , β) Yˆ
†
d,u r11(cd`1 ,u`1 , cQ`2 , β) Yˆd,d r10(cQ`2 , cdj ,dj)Fd ,
(Cd,u7 )(−+) ∝ FQYˆu,d r01−+(cQi , cu`1 ,d`1 , β) Yˆ
†
u,d r1−+1(cu`1 ,d`1 , cQ`2 , β) Yˆd,d r10(cQ`2 , cdj ,dj , β)Fd ,
(21)
where β = βH + βΦ and `i, i and j are flavor indices. Notice that we have omitted the
flavor independent prefactor vA1L/MKK to ease the notation. From Eq. (1) and Fig. 1, it is
clear that the 4D Yukawa matrices Yˆ carry the same flavor indices as the adjacent overlap
correction factors. Notice also that the cuj ,dj dependence of the (−+) overlaps is opposite to
the one of the (++) ones. This is not surprising since they arise from the Yukawa interactions
with u˜i and d˜i, the first (and higher) level KK excitations of the SU(2)R partners of dRi and
uRi , respectively.
In this context it is important to mention the work of [16], based on the method developed
in [15], which involves the direct diagonalization of the zero modes and first KK modes mass
matrix; the latter is a 4×4 matrix for a single generation in our case, and it reduces to a 3×3
matrix when no custodial symmetry is imposed. The interesting result in flavor anarchic
models for the one generation case, and to a good approximation for the three generation
case, is that the most dominant contributions, in terms of the perturbative parameter x =
vY/MKK with generic Yukawa Y , solely arise from the (−−) modes. Namely, the dominant
contribution turns out to be proportional to the overlap structure r01r1−1−r10, and it is not
accounted for in the naive spurion analysis. This shows the limits of the spurion analysis in
the mass insertion approximation and the need to a priori account for the mixing between
all KK modes of the same generation, in addition to their intergenerational mixing. This is
especially important in the RS-A4 setup, where custodial symmetry also induces an extra
degree of freedom for each “RH” 5D fermion.
9
Nevertheless, because of the relative smallness of r1−1− compared to r11 and r11−+ in our setup
(see appendix A.1), the accuracy of the spurion-overlap approximation is still satisfactory for
the purpose of imposing constraints on the KK mass scale and the physical Higgs mass, as
long as the corresponding contribution turns out to be non vanishing in this approximation.
If vanishing – as it is true for the down type contribution to the neutron EDM [1] – one has
to fully account for the flavor structure and mixing of all zero modes and first KK modes in
order to provide an estimate of the dominant contributions. This is done in section 4.
3.3 Explicit structure of dipole contributions in the spurion-overlap
approximation
In this section we analyze in more detail the most general flavor structure of up- and down-
type contributions to dipole operators and study the simplifications induced by the RS-A4
setup. We limit the analysis to the first level n = 1 KK states, since n = 2 states will give
rise to O(25%) effects and for n = 3 and higher the theory is strongly coupled and cannot be
treated perturbatively [10]. Inverting the relation (mˆu,d)ij = v f
−1
Qi
Yˆ u,dij f
−1
uj ,dj
r00(βcQi , cuj ,dj)
and rotating the mass matrix (see also Appendix A), we express the Yukawa couplings in
terms of the diagonal physical mass matrices
Yˆ
u(d)
ij =
1
v
r−100 (cQi , cuj(dj), β)
(
F−1Q V
u(d)
L diag(mu,c,t(d,s,b))V
u(d)†
R F
−1
u(d)
)
ij
. (22)
Promoting the overlap corrections to matrices rˆ in flavor space, the down-type contributions
to the dipole amplitude rotated to the ZMA mass basis can be written as
(Cd−type7γ(8g) )ij =
A1L
v2MKK
[
(V dL )
†
i`(rˆ
d
0n)``1(rˆ
d
00)
−1
``1
(
V dLdiag(md,s,b)(V
d
R)
†diag(f 2d,s,b)
)
``1
×(rˆdnm)`2`1(rˆd00)−1`2`1
(
V dRdiag(md,s,b)V
d†
L diag(f
2
Q1,Q2,Q3)
)
`1`2
(rˆdm0)`2`3
×(rˆd00)−1`2`3
(
V dLdiag(md,s,b)(V
d
R)
†)
`2`3
(V dR)`3j
]
, (23)
with an implicit sum over all allowed first level KK modes, and where (rˆu,dnm)ij = rnm(cQi , cuj ,dj , β).
In the above equation flavor indices are written explicitly, in order to clarify the exact flavor
structure of the overlap matrices. Analogously, we obtain the up-type contributions to dipole
operators
(Cu−type7γ(8g) )ij =
A1L
v2MKK
[
(V dL )
†
i`(rˆ
u
0n)``1(rˆ
u
00)
−1
``1
(
V uL diag(mu,c,t)(V
u
R )
†diag(f 2u,c,t)
)
``1
×(rˆunm)`2`1(rˆu00)−1`2`1
(
V uRdiag(mu,c,t)V
u†
L diag(f
2
Q1,Q2,Q3)
)
`1`2
(rˆdm0)`2`3
×(rˆd00)−1`2`3
(
V dLdiag(md,s,b)(V
d
R)
†)
`2`3
(V dR)`3j
]
. (24)
Notice that the IR localized Higgs case can be obtained by simply setting all overlap matrices
in Eqs. (23) and (24) to be proportional to the identity matrix. The above equations are
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valid for generic textures of the Yukawa couplings and patterns of the bulk profiles cQi,ui,di ,
rendering the spurion-overlap formulae in Eqs. (23) and (24) directly applicable to generic
flavor scenarios.
In the RS-A4 framework, a simplification comes from the degeneracy of left-handed bulk
mass parameters, thus FQ = diag(f
−1
Qi
) = f−1Q ·1. For the same reason the overlap correction
matrices of Eqs. (23) and (24) simplify
rˆu,d00,10,01 = diag(r00,10,01(c
L
q , cui,di , β)) rˆ
u,d
11 = diag(r11(cui,di , c
L
q , β))
rˆu,d01−+ = diag(r01−+(c
L
q , cdj ,uj , β)) rˆ
u,d
1−+1 = diag(r1−+1(cdi,ui , c
L
q , β)). (25)
The resulting structure of the down-type contributions in the mass basis follows straightfor-
wardly
(Cd−type7γ(8g) )ij =
mdiA
1Lf 2Q
v2MKK
[
V d†R diag(f
2
d,s,b)(rˆ
d
00)
−1r˜d01 r˜
d
11(rˆ
d
00)
−1V dR diag(m
2
d,s,b)
×V d†R (rˆd00)−1rˆd10 V dR
]
ij
, (26)
where r˜u,d01 r˜
u,d
11 = rˆ
u,d
01 rˆ
u,d
11 + rˆ
u,d
01−+ rˆ
u,d
1−+1 and all overlap matrices are diagonal. Similarly, we
obtain the up-type contributions to dipole operators in the mass basis
(Cu−type7γ(8g) )ij =
A1Lf 2Q
v2MKK
[
V †CKM diag(mu,c,t)V
u†
R diag(f
2
u,c,t)(rˆ
u
00)
−1 r˜u01r˜
u
11(rˆ
u
00)
−1
×V uR diag(mu,c,t)VCKM diag(md,s,b)V d†R (rˆd00)−1rˆd10 V dR
]
ij
. (27)
Since all overlap corrections are real and enter through diagonal matrices, the resulting mod-
ifications to the IR localized Higgs case are limited, in particular their effect on the imaginary
parts relevant for CP violating processes. Qualitatively, this result can be understood from
the fact that the new (real valued) overlap correction matrices appear always together with
the diagonal f ’s, with patterns V u,d†L,R r1f1r2f2r3V
u,d
L,R. Given the structure of V
u,d
L,R (see Eqs. (8)
and (13)), it can be shown that the presence of the r’s will have no effect on the cancellation
of imaginary parts of diagonal dipole operators to O(fui,diχ x˜u,di , fui,diχ y˜u,di ). At the following
order, O((fui,diχ )2), the cancellation pattern of imaginary parts of the diagonal elements of
Cu,d7 in the IR localized Higgs case will be modified by terms that are suppressed by linear
or quadratic quark mass ratios, coming from V u,dR and proportional to differences between
overlap correction factors. We will provide an explicit example in the case of the neutron
EDM.
As shown in appendix A.1, the generational flavor dependence of the overlap factors is any-
way very small and the largest difference of O(5%) is associated with tR and its SU(2)R
partner b˜. In addition, as will be shown explicitly below, most of the dominant contributions
will be proportional to the first generation “inverted” zero mode profiles f 2u,d ∝ (χˆu,d0 )−2, due
to the large hierarchy of quark masses. In general, the modifications induced by the slight
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generational dependence of overlap effects are thus expected to be less significant (numeri-
cally) than the ones arising from second order corrections, O((fui,diχ )2), to the NLO Yukawa
matrices, with fχ ≈ 0.05. For this reason, and barring zeros of the amplitudes, one should
expect to obtain a fairly conservative estimate of the contributions to the neutron EDM,
′/ and b → sγ, by parametrizing the effect of the overlap corrections by an overall multi-
plicative factor for the up- and down-type contributions to the dipole operators. Defining
the overall factor Bu,dP as the maximum for each element of the overlap correction matrices
Bu,dP = max
(
(rˆu,d00 )
−3(rˆu,d01 rˆ
u,d
11 + rˆ
u,d
01−+ rˆ
u,d
1−+1) rˆ
u,d
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)
, (28)
the down-type contributions reduce to
(Cd−type7γ(8g) )ij =
A1LmdimdjB
d
P
v2MKK
[
V d†R diag(f
2
d1,d2,d3
)V dRdiag(md,s,b)V
d†
L diag(f
2
Q1,Q2,Q3
)V dL
]
ij
=
A1Lf 2Qmdim
2
dj
BdP
v2MKK
3∑
n=1
(V dR)
∗
ni(V
d
R)njf
2
dn , (29)
while the contributions associated with internal up-type KK quarks have a slightly more
complicated structure
(Cu−type7γ(8g) )ij =
A1LmdjB
u
P
v2MKK
[
V †CKMdiag(mu,c,t)V
u†
R diag(f
2
ui
)V uRdiag(mu,c,t)V
u†
L diag(f
2
Qi
)V dL
]
ij
=
A1Lf 2QmdjB
u
P
v2MKK
[
V †CKMdiag(mu,c,t)V
u†
R diag(f
2
ui
)V uRdiag(mu,c,t)VCKM
]
ij
. (30)
It is evident from Eqs. (29) and (30) that, if we restrict ourselves to the LO Yukawa inter-
actions in Eq. (5), we have V u,dL = U(ω) and V
u,d
R = 1. Hence, both up- and down-type
NP contributions to C7ij reduce to real diagonal matrices and generate no corrections to the
processes we are interested in, as already anticipated in [1]. This situation typically changes
when we also consider the NLO Yukawa interactions in Eq. (7) and the corresponding diag-
onalization matrices in Eqs. (8) and (13). As we said, small additional corrections can also
be induced at leading order by the slight generational non degeneracy of overlap factors. In
principle, both sources have to be taken into account when estimating deviations from zero
of the NP contributions. In practice, the latter source is typically suppressed by roughly an
order of magnitude in comparison with the corrections generatd by NLO Yukawa interac-
tions. This can also be inferred from Eqs.(26) and (27), where the terms generated by LO
Yukawa interactions in RS-A4 carry through a systematic cancellation pattern of the form
1 + ω + ω2 between nearly degenerate quadratic functions of the overlap correction factors,
which originates from U(ω).
In the flavor anarchic case, a direct diagonalization of the one generation KK mass matrix,
augmented with generational mixing factors derived in the mass insertion approximation,
yields reliable predictions due to the lack of structure of the Yukawa couplings and the bulk
mass parameters, as shown in [15]. On the other hand, when considering flavor symmetries
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we particularly care for the three-generation structure. To go beyond the mass insertion
approximation and the one-generation case requires diagonalizing a 9×9 mass matrix in the
non custodial setup and a 12 × 12 mass matrix in the custodial one, leaving limited space
for a fully analytical description. For this reason the spurion-overlap analysis remains an
appealing tool for understanding the cancellation mechanisms induced by a particular flavor
pattern, as is the case when a discrete flavor symmetry such as A4 is imposed.
4 Beyond the mass insertion approximation
To go beyond the mass insertion approximation and account for the complete generational
mixing requires the direct diagonalization of the full 12×12 KK mass matrix in the custodial
case. The mass matrix can be perturbatively diagonalized to first order in the parameter
x = vY/MKK , which measures the relative strength of Yukawa interactions with the Higgs
compared to the masses of the first level KK modes. A lower level of approximation is
obtained by disregarding the mixing among generations and work with one-generation mass
matrices. This was done in [15] and [16] for the flavor anarchic non-custodial case. Already
at this level, the diagonalization of the one-generation mass matrix enables one to account for
the contribution of the (−−) KK modes to the dipole operators, not realized in the spurion-
overlap analysis within the mass insertion approximation. In addition, it was numerically
verified [15] that within the flavor anarchic non-custodial framework of [10] the difference
between the results in the one-generation and the three-generation case is rather mild. This
is expected, and stems from the fact that all Yukawa couplings are O(1) and no pattern is
present in the phases of these couplings. Consequently, the structure of each diagonal and
off-diagonal block in the full 9× 9 mass matrix is identical up to the profiles fq,u,d’s and the
slight variation of the overlap corrections over the three generations. The texture of Yukawa
couplings and bulk profiles in RS-A4 induces different patterns of the results and gives more
significance to the comparison between the one-generation and three-generation analysis.
4.1 Direct diagonalization of the one-generation mass matrix
The study described in this section is also instructive for flavor anarchic models with custodial
symmetry, which contain a separate SU(2)R doublet for each 5D fermion with a RH zero
mode. This case was not considered in [10, 15, 16]. The LO mass matrix for the first
generation in the down-type sector, including the zero modes and first level KK modes, is of
the form
MˆKKd
(MKK)
=

Q¯
d(0)
L
d¯
(1−−)
L
Q¯
d(1)
L
¯˜d
(1+−)
L

T 
y˘df
−1
Q f
−1
d r00x 0 y˘df
−1
Q r01x y˘uf
−1
Q r101x
0 y˘∗dr22x 1 0
y˘df
−1
d r10x 1 y˘dr11x y˘ur111x
0 y˘∗ur222x 0 1


d
(0)
R
Q
d(1−−)
R
d
(1)
R
d˜
(1−+)
R
 ,
(31)
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where we factorized a common KK mass scale MKK , y˘u,d ≡ (Yˆ u,dLO )11 = 2yu,dv4DΦ ekpiR/k and
the perturbative expansion parameter is defined as x ≡ v/MKK . In the above equation
r111 ≡ r11−+ , r101 ≡ r01−+ , r22 ≡ r1−1− , r222 ≡ r1−1+− and the notation for the rest of
the overlaps is the same as in Eq. (1). The c dependence of the overlap corrections was
suppressed to ease the notation and can be inferred from the labelling of the rows and
columns. Since the overlaps vary little among generations, the structure of the mass matrix
will be almost identical for all three generations of the up and down sectors, up to the zero
mode profiles denoted by the fq,u,d and the Yukawa couplings, y˘u,d. Notice that the NLO
Yukawa interactions are suppressed by fui,diχ compared to the LO contributions, rendering
them to be approximately O(x2) numerically and thus in principle safe to neglect when
working to O(x). In order to include NLO Yukawa interactions in the above matrix one
should simply replace yu,d → yu,d + fu,dχ (x˜u,d1 + y˜u,d1 ) in y˘u,d, following Eqs. (5) and (7), and
analogously for the other matrices. Despite their relative smallness, it is still important to
study the generational modifications associated with NLO Yukawa interactions, which are
essential for matching the quark mixing data in the ZMA.
Notice that the anarchic case is simply obtained from Eq. (31) by setting y˘u,d = Y for all
generations, where Y is a O(1) Yukawa coupling which can be absorbed in x. In RS-A4, when
considering the mass matrices for the second and third generation, we encounter additional
ω factors coming from the LO Yukawa matrix of Eq. (5). In addition, the approximation of
degenerate KK masses will turn out to be fair only for two out of the three KK masses in
Eq. (31), given the bulk mass assignments of the RS-A4 setup. In appendix B.1 we perform
the diagonalization of each of the one-generation mass matrices for the up and down sectors
to first order in x, before proceeding to the approximate analytical diagonalization of the
full 12× 12 up and down mass matrices in appendix B.3.
The 4 × 4 one-generation diagonalization matrices, O(u,c,t,d,s,b)KKL and O(u,c,t,d,s,b)KKR , are de-
fined as follows
(O
(ui,di)KK
L )
† MˆKKui,di (O
(ui,di)KK
R ) = Mˆ
KKdiag
ui,di
. (32)
Once the above diagonalization matrices are obtained, the ground is set for the estimation of
physical couplings between light and heavy modes in the flavor anarchic custodial case. This
is done by simply transforming the charged and neutral Higgs Yukawa interaction matrices
to the mass basis using O
(ui,di)KK
L,R , while the generational mixing factors can be estimated in
the mass insertion approximation, as also done in [15, 16].
In the RS-A4 setup we can extract the overlap dependence of the coupling between the
zero mode and the three first level KK modes of each generation in the same way. Then,
to account for generational mixing and the underlying flavor pattern, this information is
combined with the spurion-overlap analysis in the mass insertion approximation of Eqs. (29)
and (30), where it provides a redefinition of the overall overlap factors Bu,dP . As already
noticed, the latter approximation of reducing the overlap structure to a common overall
factor, is justified since the almost degenerate KK modes mix almost maximally and are
hence well approximated by one representative for each type of BC. The new down-type BdP
factors for the dipole operators, corresponding to the process in Fig. 1 with a neutral Higgs,
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will thus be extracted from
(Aij)overlapD =
∑
n((O
(di)KK
L )
†Yˆ diKKO
(di)KK
R )1n((O
(di)KK
L )
†Yˆ djKKO
(di)KK
R )n1(
M
di (n)
KK /MKK
)
∣∣∣∣∣∣
overlap
, (33)
where |overlap denotes taking the overlap part of the corresponding expression by assigning all
Yukawas to one. The indices i, j denote the flavor of the external SM physical zero modes,
while n runs over the three KK states for the given generation. The components (1n), (n1)
of the Yukawa matrices rotated to the mass basis indicate the coupling between a zero mode
and the n-th KK mode of the same generation. The new BuP factors, corresponding to the
amplitudes in Fig. 1 and Fig. 2 with a charged Higgs, will analogously be extracted from
(Aij)overlapU =
∑
n((O
(di)KK
L )
†Yˆ (h−)diKK O
(ui)KK
R )1n((O
(ui)KK
L )
†Yˆ (h+)djKK O
(di)KK
R )n1(
M
ui (n)
KK /MKK
)
∣∣∣∣∣∣
overlap
. (34)
Notice that the one-loop factor A1L in Eqs. (29) and (30) is calculated at the reference KK
mass MKK ' 2.55 (R′)−1, while the non-degeneracy of KK states is taken into account by
the rescaling (M
di,ui (n)
KK /MKK). It is useful to mention the explicit structure of the down-type
Yukawa couplings with a neutral Higgs in the interaction basis
Yˆ dKK =

Q¯
d(0)
L
d¯
(1−−)
L
Q¯
d(1)
L
¯˜d
(1+−)
L

T 
y˘df
−1
Q f
−1
d r00 0 y˘df
−1
Q r01 y˘uf
−1
Q r101
0 y˘∗dr22 0 0
y˘df
−1
d r10 0 y˘dr11 y˘ur111
0 y˘∗ur222 0 0


d
(0)
R
Q
d(1−−)
R
d
(1)
R
d˜
(1−+)
R
 . (35)
Similarly, the Yukawa interactions with the charged Higgs h− are
Yˆ
(h−)d
KK =

Q¯
d(0)
L
d¯
(1−−)
L
Q¯
d(1)
L
¯˜d
(1+−)
L

T 
−y˘uf−1Q f−1u r00 0 −y˘uf−1Q r01 −y˘df−1Q r101
0 y˘∗dr22 0 0
−y˘uf−1u r10 0 −y˘ur11 −y˘dr111
0 y˘∗ur222 0 0


u
(0)
R
Q
u(1−−)
R
u
(1)
R
u˜
(1−+)
R
 ,
(36)
and for h+ they are given by the replacement y˘u,d → −y˘d,u and fu,d → fd,u
Yˆ
(h+)d
KK =

Q¯
u(0)
L
u¯
(1−−)
L
Q¯
u(1)
L
¯˜u
(1+−)
L

T 
y˘df
−1
Q f
−1
d r00 0 y˘df
−1
Q r01 y˘uf
−1
Q r101
0 −y˘∗ur22 0 0
y˘df
−1
d r10 0 y˘dr11 y˘ur111
0 −y˘∗dr222 0 0


d
(0)
R
Q
d(1−−)
R
d
(1)
R
d˜
(1−+)
R
 .
(37)
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The physical Yukawa couplings between zero modes and KK modes are then obtained by the
Ou,dL,R rotations. Once inserted in Eqs. (33) and (34), they provide the new overlap factors B
u,d
P
to be inserted in the spurion-overlap formulae Eqs. (29) and (30), for each dipole operator.
The results of this analysis – diagonalization of the one-generation mass matrices combined
with the spurion-overlap procedure – will be considered separately for each process, while
the details of the derivation and the Bu,dP factors can be found in appendices B.1 and B.2.
It is however important to recall that the complete A4 flavor structure in the full 12 × 12
up and down mass matrices may still induce deviations from the approximations considered
till now. Differences may arise from inter- and intra-generational mixing, non-degeneracy of
KK states and overlaps. All these effects are numerically more significant when involving
the third generation. On the other hand, the drawback of a fully numerical treatment of
the 12x12 mass matrix is that it does not allow to easily discriminate among different orders
in the x-parameter expansion, and it fails to provide insightful information on the flavor
patterns and cancellation mechanisms of the numerical results. Eventually, such a numerical
treatment will turn out to induce more sizable contributions to the neutron EDM and less
significantly so for other processes. This situation illustrates the importance of a full three-
generation diagonalization and its comparison with approximate analytical estimates when
a flavor texture is present in the Yukawa matrices.
4.2 Approximate analytical diagonalization of the 12 × 12 mass
matrix
It is clear that a complete description of the contributions to physical processes in the three-
generation RS-A4 can only be achieved by a direct diagonalization of the full 12 × 12 up
and down mass matrices, including first level, n = 1, KK modes. Using the 12 × 12 rota-
tion matrices we can obtain all the couplings between each zero mode and KK modes of all
generations, thus establishing an a priori more reliable way to describe the flavor patterns of
A4. However, the size of the matrices, the large number of parameters even in the minimal
case and the near degeneracy of most of the KK masses, render the diagonalization hard to
perform analytically. For this reason the three-generation case was considered only numer-
ically in [15], for flavor anarchic models. A fully numerical diagonalization of the 12 × 12
mass matrices in RS-A4 may provide an estimate of contributions possibly missed by other
approximations, but fails to give us insight on the flavor pattern of the three-generation A4
case. In addition, since the one-generation 4D mass matrices have been themselves derived
and diagonalized linearly in the A4 parameters x˜
u,d
i , y˜
u,d
i , the most appropriate diagonaliza-
tion should always be performed to the same order. Instead, a numerical treatment will
inevitably include higher order contributions in an a priori uncontrolled way.
Given all the above reasons, one should still attempt an approximate analytical diagonaliza-
tion, as described below. We first decompose the 12 × 12 mass matrix of the RS-A4 down
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sector in terms of the one-generation matrices in Eq. (31)
MˆDFull = MKK
 MˆKKd /MKK xYˆ sKK(yˆLO12 , fs) xYˆ bKK(yˆLO13 , fb)xYˆ dKK(yˆLO21 , fd) MˆKKs /MKK xYˆ bKK(yˆLO23 , fb)
xYˆ dKK(yˆ
LO
31 , fd) xYˆ
s
KK(yˆ
LO
32 , fs) Mˆ
KK
b /MKK
 , (38)
where the expression in brackets of each off-diagonal element denotes the replacements to
be made in Eq. (35). The s and b one-generation mass matrices MˆKKs,b are obtained by
obvious replacements in Eq. (31). To account for NLO Yukawa interactions, the replacement
yˆLOij → yˆLOij +yˆNLOij applies. In the above equation, MKK is the KK mass corresponding to the
degenerate left-handed bulk mass parameter, cLq , and we normalize all matrices accordingly
while keeping non-degenerate KK modes. The only significant deviations from degeneracy
lie in the third generation mass matrix due to b˜, the SU(2)R partner of tR .
Using the 4 × 4 diagonalization matrices for each generation, we construct the matrices
OˆDKKL,R = diag(O
dKK
L,R , O
sKK
L,R , O
bKK
L,R ) to first diagonalize the diagonal entries of Mˆ
D
Full. The
main difficulty in achieving the diagonalization of the full mass matrix in Eq. (38) is the
near degeneracy of 6 out of 9 KK masses which also survives the (OˆDKKL )
†MˆDFullOˆ
DKK
R rota-
tion, rendering non degenerate perturbation theory useless in the corresponding subspace.
Therefore, the nearly degenerate subspace is first diagonalized non perturbatively to find a
new basis, in which non-degenerate perturbation theory can be used. Off-diagonal elements
in the non-degenerate subspaces can obviously be treated in the conventional way. Since this
task is hard to perform analytically when all parameters are unassigned, we look for some
symmetry property of the A4 structure in Mˆ
D
Full that might supplement us with a shortcut.
Given the structure of Eq. (38), we then construct new rotation matrices using V u,dL,R from
Eq. (13). The new A4 rotation matrices are thus defined as the direct product
Oˆ
(U,D)A4
L,R = V
u,d
L,R ⊗ 1˜4×4 , (39)
where 1˜4×4 = diag(1, 1()∗, 1, 1()∗) and ()∗ denotes complex conjugation of the coefficient
that multiplies the corresponding element, namely (V u,dL,R)ij. In appendix B.3 we show that
using Oˆ
(U,D)A4
L,R and Oˆ
DKK
L,R to rotate Mˆ
D
Full, one obtains an approximately diagonalized de-
generate subspace, which in turn enables to generate the remnant rotation by acting with
non-degenerate perturbation theory on (Oˆ
DA4
L )
†(OˆDKKL )
†MˆDFullOˆ
DKK
R Oˆ
DA4
R . The analogous
procedure is followed in the up sector. More details are collected in appendix B.3. Once the
diagonalization matrices are obtained, the contribution to the Wilson coefficient of a given
dipole operator will be a generalization of the one-generation case and can generically be
written as follows(
Cd−type7γ(8g)
)
ij
= A1L(MKK)
∑
n((O
(di)
L )
†Yˆ diKKO
(di)
R )(4i−3)n((O
(di)
L )
†Yˆ djKKO
(di)
R )n (4j−3)
(M
(n)
KK/MKK)
, (40)
for down-type contributions, and(
Cu−type7γ(8g)
)
ij
= A˜1Lu (MKK)
∑
n((O
(di)
L )
†Yˆ diKKO
(di)
R )(4i−3)n((O
(di)
L )
†Yˆ djKKO
(di)
R )n (4j−3)
(M
(n)
KK/MKK)
, (41)
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for up-type contributions. The matrices O
(ui,di)
L,R diagonalize the 12× 12 mass matrices. The
index n runs over the KK modes of the three generations, thus n 6= 1, 5, 9, and the indices
(4i − 3)n and n (4j − 3) select the couplings of the external zero mode to the internal KK
states. The one-loop factors are calculated at the reference KK mass MKK ' 2.55 (R′)−1,
while the non-degeneracy of KK states is taken into account by the rescaling (M
(n)
KK/MKK).
However, as expected, the resulting expressions for the physical couplings between zero
modes and KK modes are long functions of all overlap correction factors and are therefore
not stated explicitly. Instead, we explore the couplings and the resulting predictions for
assigned values of the parameters, and compare them with the results of a fully numerical
diagonalization for varying values of the KK scale, MKK . This will be done separately for
each process in section 5.
5 Numerical Results and Experimental Bounds for Dipole
Operators
In this section we analyze FCNC processes in the RS-A4 model, using the approximations
described in sections 3 and 4, and compare them with a fully numerical analysis based on the
diagonalization of the 12 × 12 mass matrices for the zero modes and first level KK modes.
We focus on those processes mediated by dipole operators and known to provide the most
stringent constraints on new physics contributions, and thus the KK scale, in the context
of flavor models in warped geometry: these are the neutron EDM in section 5.1, ′/K in
section 5.2 and the radiative decay b→ sγ in section 5.3. Finally, tree level Higgs mediated
FCNC contributions are considered in section 6.
5.1 New physics contributions to the neutron EDM
The new physics contributions to the neutron EDM are mediated by the dipole operator
ed¯Lσ
µνFµνdR. In particular, we need to compute the imaginary part of the i = j = 1
component of the Wilson coefficients defined in Eqs. (29) and (30). They are of dimension
[mass]−1 and can thus be directly compared to the experimental bound |dn| < 3×10−26e ·cm
[24]. We have already anticipated in [1] that the down-type contribution to the EDM is
vanishing in RS-A4, due to the fact that V
d
L disappears from the down-type contributions.
This conclusion can also be reached by inspecting Eq. (26). This leaves us with the up-
type contributions encoded in Im[(Cu−type7 )11]. In order to isolate the dominant terms in
Eq. (30), where we approximate the overlap factors with an overall constant, we recall that
the hierarchy of quark masses is translated into the inverse hierarchy of the right-handed
profiles fqi , since there is only one left-handed bulk mass parameter. More specifically,
fu ' 4.48 × 104, fd ' 2.25 × 104, fs ' 1.36 × 103, fc ' 1.22 × 102, fb ' 28.8, ft ' 1.22
and fQ ' 3.14. In addition, we recall that the off-diagonal elements of V uR in Eqs. (14)-(16)
are suppressed by up-type quark mass ratios. Hence, the most dominant contribution to the
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neutron EDM from Eq. (30) turns out to be
Im[(Cu−type7 )11] ' Im
[
5BuPA
1Lmdf
2
QF
u
EDM
3v2MKK
]
, (42)
where the factor 5/3 comes from the electric charge of an up-type quark and a charged Higgs
from Eq. (20). The factor F uEDM is obtained from Eq. (30) and given by
F uEDM =
[
V †CKMdiag(mu,c,t)V
u†
R diag(f
2
ui
)V uRdiag(mu,c,t)VCKM
]
11
=
3∑
k,l=1
(V †CKM)1k(R˜u)k`(VCKM)`1 ⇒ Im(F uEDM) = 0, (43)
with
(R˜u)ij =
(
diag(mu,c,t)V
u†
R diag(f
2
ui
)V uRdiag(mu,c,t)
)
ij
=
3∑
n=1
mimj(V
u
R )
∗
ni(V
u
R )njf
2
un . (44)
Given that the matrix R˜u is hermitian and that in RS-A4 to O(x˜
u,d
i , y˜
u,d
i ) one has (VCKM)ii =
1, and (VCKM)ij = −(VCKM)∗ji for i 6= j (see Eqs. (8) – (11)), we conclude that F uEDM has
no imaginary part if we disregard the tiny non-degeneracy of overlap factors by replacing
them with the overall coefficient BuP . For later convenience we anyway look at what terms
are dominant in the cancellation pattern; they are proportional to f 2u or f
2
c
F uEDM = f
2
u [m
2
u −mumcVus(∆u1)∗ −mumcV ∗us∆u1
− (f 2c /f 2u)m2cVusV ∗us −mumtV ∗ub∆u2 −mumtVub(∆u2)∗] . (45)
The first and fourth terms are real, while the second and third terms and the fifth and sixth
terms cancel each other’s imaginary parts. All other contributions to F uEDM are suppressed
by at least two orders of magnitude, and exhibit the same cancellation pattern of imaginary
parts. Thus, in order to obtain a conservative estimate of the contribution to the neutron
EDM in our setup, we must fully account for non degeneracies and possibly go beyond the
mass insertion approximation.
It is also important to recall that V u,dL,R have been determined [1] to linear order in the Yukawa
parameters x˜u,di f
u,d
χ , y˜
u,d
i f
u,d
χ and that the neglected O((xu,di fu,dχ )2, (yu,di fu,dχ )2) corrections can
also a priori modify the cancellation pattern of imaginary parts for up- and down-type
contributions to the neutron EDM. However, a realistic estimate of these corrections would
require to perform a new matching with the experimentally determined CKM matrix. We
can still provide a conservative order of magnitude estimate of these effects by evaluating
the size of a generic term in Eq. (45). In particular, labelling the second (or third) term,
proportional to the largest CKM element Vus, as ∆F
u
EDM one obtains
∆F uEDM = f
2
umumcVus(∆
u
1)
∗ ⇒ dn ≈ Im
[
5BuPA
1Lmdf
2
Q∆F
u
EDM
3v2MKK
]
≈ 4.1× 10−27
(
3 TeV
MKK
)2
Y 2 e · cm, (46)
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for BuP ' 1.5 and assuming |∆u1 | ≈ |Vus|mu/mc, with maximal phase for ∆F uEDM . The symbol
Y denotes the overall scale of the 5D Yukawa couplings, defined as yu,d,c,s,t,b → Y yu,d,c,s,t,b
with reference values yu,d,c,s,b = 1 and yt = 2.8. The predicted contribution is suppressed
by one order of magnitude compared to the experimental bound, however, an enhancement
induced by a coherent sum of many higher order terms in x˜u,di , y˜
u,d
i cannot be excluded at
this level. Translating the above result into a conservative constraint on the KK mass scale
yields
(MEDMKK )
spur.
cons. & 1.1Y TeV . (47)
When taking into account the non-degeneracy of the overlap factors in the spurion-overlap
approximation of Eqs. (26) and (27), the contributions to the EDM are still vanishing to
O(Cχfχ) – corresponding to O(λ) of the Wolfenstein parametrization of the CKM matrix.
Negligible non vanishing contributions appear in the up sector at O(λ2). The most dominant
non vanishing contribution in the up sector, together with its exact generational dependence
of the overlap correction factors is as follows
F uEDM = ((r
b
00)
−1rb10 − (rd00)−1rd10)(rt00)−2(rt01rt11 + rt101rt111)f 2tm2tVub(∆u2)∗ . (48)
It provides the estimate
(dn)
spurion
RS−A4 ≈ 2× 10−29
(
3 TeV
MKK
)2
Y 2 e · cm ,
and a lower bound on the KK mass scale MKK & 0.07Y TeV, when comparing with the
experimental result.
We can improve upon the previous estimate by directly diagonalizing the mass matrices and
work with KK mass eigenstates. In the estimates below, the effects of generational mixing,
non-degeneracy of overlaps and KK states are described to various degrees of approximation.
We first state the results obtained by the procedure of section 4.1, where we use the diago-
nalization of the one-generation mass matrices combined with the spurion-overlap analysis to
account for generational mixing. The contribution from ∆F uEDM in Eq. (46) to the neutron
EDM will be obtained by the replacement BuP → (BuP )KK(1gen)EDM , see appendix B.2). Using
(BuP )
KK(1gen)
EDM ' 5.2, we obtain:
(dn)
1−gen(cons.)
RS−A4 ' 1.42 ∗ 10−26
(
3TeV
MKK
)2
Y 2 e · cm , (49)
which implies the bound MKK & 2.1Y TeV. The modification of the contribution in Eq. (48)
will be obtained by the same replacement and leads to
(dn)
1−gen
RS−A4 ' 8× 10−29
(
3 TeV
MKK
)2
Y 2 e · cm , (50)
implying a weak lower bound on the KK mass scale MKK & 0.15Y TeV, when comparing
with the experimental result.
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Secondly, we consider the three-generation case, where the 12 × 12 mass matrices can be
approximately diagonalized analytically as described in section 4.2, or they can be diagonal-
ized numerically. In both cases we assign the bulk masses and Yukawa couplings according
to Eq. (12) and the assignments in Appendix A and use the corresponding values of the
overlap correction factors obtained in Appendix A.1. In the numerical case, we perform a
scan in the KK mass scale MKK in the range 1 − 10 TeV and Y in the range [0.3, 5]. We
have also verified the stability of the results against modifications of the phases of the NLO
Yukawa couplings and in particular for the assignments of Eqs. (72), (60) and (77). Notice
that differences with the previous estimates can be attributed to the presence of higher order
corrections in the perturbative parameter x (beyond the mass insertion approximation) and
to the partial, and a priori uncontrolled, contamination of higher order terms in x˜u,di , y˜
u,d
i .
The first source can be estimated by performing a scan over the values of x and match the
dominant linear behavior in the vicinity of x = 0.037. We recall [1] that the latter value cor-
responds to (R′)−1 ' 1.8 TeV and MKK ' 2.55 (R′)−1 ' 4.6 TeV, the value for which RS-A4
predicts a NP correction to the ZbLb¯L coupling within 67% CL for the bulk parameters in
Eq. (110).
To obtain the explicit contributions for each of the processes of interest, we use the 12× 12
analogues of Eqs. (33) and (34). The fully numerical diagonalization procedure, and without
truncation in the x-parameter expansion, leads to the prediction for the neutron EDM
Im
[
(Cd7 )
Num
EDM
] ' 3.1× 10−29e · cm Im [(Cu7 )NumEDM] ' −1.66× 10−28e · cm, (51)
(dn)
Num
RS−A4 ' 1.65× 10−28e · cm ,
while a scan in x and matching to the linear behavior leads to
Im
[
(Cd7 )
Num
EDM
] ' 3.3× 10−29e · cm Im [(Cu7 )NumEDM] ' −1.75× 10−28e · cm, (52)
(dn)
Num
RS−A4 ' 1.7× 10−28e · cm ,
where the up- and down-type contributions were summed in quadrature. Both results satu-
rate the experimental bound for MKK ≈ 0.3 TeV. For MKK ' 4.6 TeV the neutron EDM is
smaller than the experimental bound by two orders of magnitude. What is also relevant is
that the resultant constraint on MKK deviates by a O(1) factor from the constraint implied
by Eq. (48). The characteristic strength of the numerical results is rather stable against
modifications of y˜u,di , x˜
u,d
i , fQ,ui,di and yui,di that still yield physical quark masses and CKM
elements. In addition, when varying the parameters up to O(3) in magnitude away from
their CKM values, the variation of the predicted neutron EDM and all other observables
stays within a factor two.
The contributions predicted by the approximate analytical diagonalization procedure de-
scribed in Sec. 4.2 consist of extremely long expressions, which we do not state explicitly.
Instead, we study them as a function of x = v/MKK only, with all other parameters assigned
to yield the physical quark masses and CKM matrix elements. Finally, we can compare
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the resulting predictions with the results of the fully numerical analysis. The approximate
analytical diagonalization for the neutron EDM provides
Im
[
(Cd7 )
12×12th
EDM )
] ' −2.5× 10−9A1L Im [(Cu7 )12×12thEDM )] ' −2× 10−9A˜u1L (53)
and
(dn)
12×12th
RS−A4 ' 1.6× 10−28
(
4.3 TeV
MKK
)2
Y 2 e · cm ,
in good agreement with the estimate of Eq. (48) and the numerical results in Eqs. (51)
and (52). The discrepancy between the numerical and the semianalytical approach for the
three-generation case will turn out to be larger for other observables. This is due to the fact
that the semianalytical diagonalization described in Sec. 4.2 works better within the first
generation, while more significant off-diagonal terms still appear in the second and third
generation. In the case of the EDM, a cancellation mechanism at leading order is indeed in
place.
5.2 New physics and (′/)
In this section we derive the new physics contributions to Re(′/) in RS-A4, generalizing the
flavor anarchic analysis of [16] to our setup. We show that the bound induced on the KK mass
scale by this quantity is relaxed even below the bounds obtained from EWPM, differently
from what happens in the flavor anarchic case. The current experimental average, measured
by KTeV and the NA48 collaborations, is Re(′/)exp = (1.65 ± 0.26) × 10−3 [20]. Given
the uncertainties still affecting the standard model prediction Re(′/)SM [25], we adopt the
most conservative approach as also done in [16] and assume 0 < Re(′/)SM < 3.3× 10−3.
The potentially large new physics contributions to Re(′/) in the RS setup are induced by
the two effective chromomagnetic operators with opposite chirality
Og = gsH
†s¯RσµνT aGaµνdL , O
′
g = gsHs¯Lσ
µνT aGaµνdR , (54)
generated by the one-loop amplitude in Fig. 14. The imaginary part of the corresponding
Wilson coefficients Cg and C
′
g contributes to Re(
′/) ∝ Im(Cg − C ′g).
In the spurion-overlap analysis and neglecting the generational dependence of the overlap
functions, we need to compute the (12) and (21) elements in Eqs. (29) and (30), respectively.
Again, given the dominance of terms proportional to f 2u,d and the suppressions by mass ratios
in V u,dR , there are only a few dominant contributions for each of the above elements in the
up and down sectors, while all other contributions are suppressed by at least an order of
magnitude. However, since the dominant contributions to (Cup−type8g )12(21) are proportional
4 The presence of H in the definition of the 4D effective operators in Eq. (54), tells us that the Wilson
coefficients Cg and C
′
g for these operators should be obtained by dividing the spurion analysis result by the
Higgs VEV v , thus obtaining Wilson coefficients of mass dimension -2.
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to Vus(V
∗
us) and they are real if x˜
u,d
2 and y˜
u,d
2 are assigned according to Eq. (12), we also
consider the leading sub-dominant contributions in the up and down sectors. We obtain
Im(Cg − C ′g) = Im
[
(Cu−type8g + C
d−type
8g )12 − (Cu−type8g + Cd−type8g )21
]
(55)
' A
1Lf 2Q
v3MKK
Im
[
BuP
(
msF
u
12
−mdF u21
)
+BdPmdms
(
(F d12 − F d21)
)]
,
' 1
4.3pi2v3M2KK
Im
[(
msF
u
12
−mdF u21
)
+ mdms
(
F d12 − F d21
)]
,
where in the last line we used A1L = 1/(64pi
2MKK), f
2
Q ' 9.9 and Bu,dP ' 1.5. The dominant
contributions to the functions F u,d12,21 are
F d12 = ms(f
2
d − f 2s )∆d1 F d21 = md(f 2d − f 2s )(∆d1)∗, (56)
in the down sector and
F u12 ' (f 2um2u−f 2cm2c)Vus+(f 2u−f 2c )mumc∆u1 +f 2cm2cVus
(
(x˜u3 + ωy˜
u
3 )f
t
χ + ((x˜
u
2)
∗ + ω(y˜u2 )
∗)f cχ
)
,
(57)
F u21 ' (f 2um2u−f 2cm2c)V ∗us+(f 2u−f 2c )mumc(∆u1)∗+f 2cm2cV ∗us
(
((x˜u3)
∗ + ω2(y˜u3 )
∗)f tχ + (x˜
u
2 + ω
2y˜u2 )f
c
χ
)
(58)
in the up sector. It is evident from Eqs. (55) – (58) that the contributions associated with
F u21 are suppressed by md/ms compared to those arising from F
u
12
, and the contributions
from F d21 are similarly suppressed compared to those from F
d
12
. This is analogous to the
standard model pattern and opposite to what happens in flavor anarchic models. Therefore,
to a good approximation, we only need to estimate the imaginary parts of F u,d12 as functions
of the input parameters, in order to obtain bounds on the KK mass scale in RS-A4. Since
f 2cm
2
c ' f 2um2u, and more precisely f 2cm2c/(f 2um2u) − 1 ' O(10−4), the first term of F u12 in
Eq. (57) approximately vanishes, and the third term is roughly suppressed by |Vus| = 0.2257
compared to the second term. Consequently, the imaginary part of F u,d12 is largest for ∆
d
1
and ∆u1 pure imaginary. We first find the maximal possible contributions by spanning the
(x˜u,di , y˜
u,d
i ) parameter space, and only later we impose the constraints arising from matching
the CKM matrix. Denoting the magnitude of all x˜u,di and y˜
u,d
i parameters collectively by
y˜U,D we obtain
max
[|Im(∆d1)|] = 2mdms (fdχ + f sχ)y˜D max [|Im(∆u1)|] = 2mumc (fuχ + f cχ)y˜U , (59)
with the assignment
(x˜u,d1 )
∗ = ω2(y˜u,d1 )
∗ = ±iy˜U,D x˜u,d2 = y˜u,d2 = ±iy˜U,D . (60)
From Eq. (12), in order to get |Vus| = |Vcd| = 0.2257, we must require x˜d2 = y˜d2 = −x˜u2 = −y˜u2
and y˜U,D = 1. The resulting maximal imaginary parts in Eq. (59) will then be reduced by a
factor 2 for realistic CKM assignments, due to the exact cancellation of terms proportional to
23
x˜u,d2 and y˜
u,d
2 . For y˜U,D 6= 1, we should correspondingly rescale the χ VEV to maintain |Vus| =
0.2257. However, this will have significant implications on the neutrino mass spectrum even
for O(1) rescaling, as was shown in [1]. The two (dominant) terms in Eq. (59) will add up
maximally for x˜d2 = y˜
d
2 = x˜
u
2 = y˜
u
2 , which corresponds to a vanishing Vus according to Eq. (9).
Focusing now on the third term in Eq. (57), and considering the assignment of Eq. (60),
we realize that for Vus pure imaginary we should maximize the real part of the expression
adjacent to it. The only parameters left to be assigned are x˜u,d3 and y˜
u,d
3 leading to
max[|Re ((x˜u3 + ωy˜u3 )f tχ + ((x˜u2)∗ + ω(y˜u2 )∗)f cχ)|] = (2f tχ − (√3/2)f cχ)y˜U , (61)
for the parameter choice x˜u3 = ωy˜
u
3 = y˜U . Notice that this contribution, proportional to
Vus, will vanish for the choice Vus = 0 that maximizes the sum of the terms in Eq. (59).
Instead, for the assignments that lead to a realistic CKM matrix such as the one in Eq. (12),
the contribution of the above terms will be suppressed by roughly an order of magnitude
compared to the (∆u,d1 ) terms, and can be safely neglected.
From Eq. (57), using fc  fu and Bu,dP ' 1.5, we obtain the following upper bound on the
up-type contribution to ′/
Im(Cg − C ′g)u '
Y 2f 2um
2
ums
11.5pi2v3M2KK
2(fuχ + f
c
χ)y˜U . (62)
It scales with Y 2, where Y generically denotes the overall scale of the 5D LO Yukawa
couplings associated with the HΦ interactions. Using again the assignment in Eq. (60) the
down type contribution is given by
Im(Cg − C ′g)d '
Y 2f 2dm
2
dms
11.5pi2v3M2KK
2(fdχ + f
s
χ)y˜D . (63)
The NP contributions to Re(′/) are directly constrained by the experiment. In order to ex-
tract such a constraint we construct the difference δ′ = (Re(
′/)NP−Re(′/)SM)/Re(′/)exp,
as done in [16]. Assuming Re(′/)SM = 0 one can write
δ′ =
ω〈(2pi)I=0|λsOg|K0〉)√
2ReA0Re(′/)exp||exp
[
Im(Cg − C ′g)
λs
]
' (58TeV )2BG
[
Im(Cg − C ′g)
λs
]
, (64)
where BG, the hadronic bag parameter [26], is given by
〈(2pi)I=0|λsOg|K0〉 =
√
3
2
11
4
m2pim
2
K
Fpi
BG, (65)
and we set BG = 1 as in [16]. The parameter λs is the SM Yukawa coupling of the s
quark, namely λs × 174 GeV = ms ' 50 MeV . The quantities A0 and A2 denote the
amplitudes for the (2pi)I=0 and (2pi)I=2 decay channels of the K
0 meson, respectively. We
take Fpi = 131 MeV , Re(A0) = 3.3×10−4MeV, ω = |A2/A0| = 0.045 and |exp| = 2.23×10−3.
Imposing |δ′| < 1 and using Eqs. (62) and (63) directly leads to a bound for the KK scale
(MKK)
Spurion−overlap
′/ & 1.4Y TeV . (66)
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Using the results for the overlap dependence of the up- and down-type contributions to ′/
from the one-generation KK diagonalization scheme in Eq. (151), the up- and down-type
contributions get enhanced and suppressed respectively and the resulting bound on MKK is
(MKK)
KK(1gen)
′/ & 1.25Y TeV . (67)
This bound is the most stringent in the (x˜u,di , y˜
u,d
i ) parameter space and corresponds to an
highly unnatural set of parameter assignments, for which Vus = 0, and maximize the sum
of up and down imaginary parts. Nevertheless, this bound is still less stringent than the
one in the flavor anarchic case considered in [16], and it allows for O(1 TeV ) KK masses for
O(1) Yukawa couplings Y ≈ 1, y˜U,D ' 1. The latter values correspond to χ0 = 0.155M3/2Pl , a
value allowed by the neutrino oscillation data [1]. Notice also that in the flavor anarchic case
[16] the most stringent bound on the KK scale arises from the combined Yukawa coupling
dependence of the new physics contributions to ′/K and K . The latter contribution comes
from the tree level KK gluon exchange, it is inversely proportional to the Yukawa coupling,
and provides the most stringent bound on the KK scale for O(1) Yukawas. The combined
bound on MKK in [16] has been obtained for Yukawa couplings of O(6), implied by the
constraint from the tree level KK gluon exchange contribution to K . This contribution
vanishes identically in RS-A4 [1], thus relaxing one of the most stringent constraints of flavor
anarchic models.
A more natural bound on the KK mass scale is obtained for the parameters assignment of
Eq. (12) that provides an almost realistic CKM matrix, while still choosing x˜u,d1 and y˜
u,d
1 to
maximize the imaginary parts of up- and down-type contributions according to Eq. (60). The
resulting bound on MKK will be further suppressed by at most a factor of
√
2 compared to
the one in Eq. (67). This bound (for Y = 1) is again significantly lower than the one implied
by constraints arising from EWPM [1], in particular the ZbLb¯L coupling. This is a pleasing
result in RS-A4, indicating that constraints arising from new physics contributions to FCNC
processes tend to be weaker than in flavor anarchic models, see for example [10, 14, 16] and
references therein. Another important difference between RS-A4 and anarchic frameworks
stems from the dominance of SM-like dipole operators, and the lack of enhancement of the
opposite chirality operators.
To conclude the analysis of the constraints arising from ′/ we state the results from the
numerical and semianalytical diagonalization of the three-generation 12× 12 mass matrices.
For x = 0.037 the numerical result is
(δ′)
Num.
RS−A4 ' 0.1 (MKK)Num.RS−A4 & 0.98 TeV , (68)
close to the spurion-overlap and the one-generation mass-matrix diagonalization approxima-
tions. The results of the semianalytical diagonalization for the RS-A4 contributions to 
′/
are given by
(δ′)
12×12th
RS−A4 ' 0.3 (MKK)12×12thRS−A4 ' 2.5Y TeV . (69)
As anticipated, the deviation of the semianalytical 12× 12 estimate from the numerical one
can be attributed to the fact that the mass matrices in the first case are only approximately
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diagonalized, and a residual contamination of O(x) is noticed to be still present in the
second- and third-generation off-diagonal blocks of the approximately diagonalized mass
matrix. Nonetheless, the importance of the semianalytical method stays in providing some
insight into the way the A4 flavor structure induces cancellation patterns, due to the explicit
phase structure of the LO Yukawa interactions in Eq. (5).
5.3 How stringent is the constraint from b→ sγ?
Measurements of the branching ratio BR(B → Xsγ) are already accurate enough to provide
stringent constraints on new physics contributions to b→ sγ. It is thus instructive to obtain
the NP physics contributions to b → sγ in RS-A4, derive the corresponding bound on the
KK mass scale and compare with the flavor anarchic results of [16] and [15].
As it is also true for ′/, and in contrast to flavor anarchic models, the largest contribution
to b→ sγ in RS-A4 is generated by the single-chirality effective dipole operator
O7 =
emb
8pi2
b¯Rσ
µνFµνsL , (70)
while the contribution arising from the opposite chirality operator O′7 is suppressed by ms/mb
as in the SM. This can easily be inferred by looking at the i = 2, j = 3 (for O7) and
i = 3, j = 2 (for O′7) components of the Wilson coefficients defined in Eqs. (29) and (30).
The Wilson coefficient C7 for O7 is generated by the loop amplitudes in Figs. 1 and 2 and
we follow the same procedure as for ′/ to estimate the dominant contributions to C75. For
the down-type contributions we obtain the following dominant terms
(C7)
d−type ' −1
3
BdPf
2
Qmsmb
8v2M2KK
(
f 2d (∆
d
1)
∗∆d2 + f
2
s (∆
d
3)
)
, (71)
where the factor −1/3 comes from the charge of a down-type quark. Considering Eqs. (14)–
(16), it is clear that the second term in Eq. (71) is dominant, despite the presence of f 2d
in the first one. As before, we assign a collective magnitude to the x˜u,di , y˜
u,d
i parameters in
terms of y˜U,D and look for the phase assignments that maximize the total contribution. We
thus first rewrite the maximal magnitudes of ∆d1,2,3, defined in Eqs. (14)–(16), in terms of
y˜D. It is straightforward to obtain
max(|∆d1|) =
md
ms
(
2fdχ + 2f
s
χ
)
y˜D max(|∆d2|) =
md
mb
(
2fdχ + 2f
b
χ
)
y˜D
max(|∆d3|) =
ms
mb
(
2f sχ + 2f
b
χ
)
y˜D, (72)
and similar bounds for the up-type right-handed diagonalization matrices are obtained via
the replacement (d, s, b, y˜D) → (u, c, t, y˜U) in the above equation. In particular, the bound
5 Considering the definition of O7, we should correspondingly rescale the contributions coming from
Eqs. (29) and (30) by (8pi2/mb), supplementing us again with a coefficient of dimension [mass]
−2.
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in Eq. (72) on ∆d3, to which the dominant term in Eq. (71) is proportional, is obtained with
the assignment
x˜d2 = ωy˜
d
2 = x˜
d
3 = ωy˜
d
3 = y˜De
iδbsD . (73)
The above bounds can now be used to estimate the down-type contribution to O7 leading to
(C7)
d−type ' − Y
2y˜D
4v2M2KK
(
m2sf
2
s (f
s
χ + f
b
χ) + 2m
2
df
2
d (f
d
χ + f
b
χ)(f
d
χ + f
s
χ))
)
, (74)
where we used f 2Q ' 9.9, and BdP ' 1.5 and made explicit the Y 2 scaling behavior. In the
up sector, we learn from Eq. (30) that there are two dominant contributions to the effective
coupling of O7, leading to
(C7)
u−type ' 5
3
BuPf
2
Q
8v2M2KK
(
(f 2cm
2
c − f 2tm2t )Vcb + f 2cm2c(f cχ((x˜u2)∗ + ω(y˜u2 )∗) + f tχ(x˜u3 + ωy˜u3 )
)
,
(75)
where the factor 5/3 comes from the electric charge of an internal up-type quark in Fig. 1
and a negatively charged Higgs in Fig. 2. All the other up-type contributions to C7 are
suppressed by at least another order of magnitude. To obtain a conservative bound on NP
contributions to b→ sγ, we can again find the maximal values of the combined up and down
contributions in the model parameter space. We first use Eq. (10) to rewrite the up-type
contribution as
(C7)
u−type ' 5
3
BuPf
2
Q
8v2M2KK
[
− f 2tm2t
(
f bχ(x˜
d
3 + ωy˜
d
3)− f tχ(x˜u3 + ωy˜u3 )
)
+f 2cm
2
c
(
f cχ((x˜
u
2)
∗ + ω(y˜u2 )
∗) + f bχ(x˜
d
3 + ωy˜
d
3)
) ]
, (76)
where we use f 2cm
2
c  f 2tm2t , and in particular f 2tm2t = (y2t /y2c )(rt00/rc00)2f 2cm2c ' 6.35 f 2cm2c ,
so that the first term in Eq. (76) is dominant for O(1) parameter assignments.
The maximal combined up and down contributions to C7 would be realized when both are
real and negative. This corresponds to δbsD = 0 in Eq. (73) and for the up sector:
x˜u3 = ωy˜
u
3 = x˜
u
2 = ωy˜
u
2 = −y˜U . (77)
With this assignment the second (subdominant) term in Eq. (76) vanishes. Using BuP ' 1.5
and f 2Q ' 9.9 we obtain
(C7)
u−type ' − 5Y
2y˜U
4v2M2KK
(
f 2tm
2
t (f
t
χ + f
b
χ)
)
. (78)
It thus turns out that the up-type contribution to b→ sγ dominates over the down-type by
roughly an order of magnitude.
A bound on the KK mass scale can be extracted by comparing with the SM contribution
to b → sγ and the corresponding experimental bound. Contrary to flavor anarchic models,
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the dominant contributions from NP and SM both come from the single chirality Wilson
coefficient C7. The SM contribution evaluated at the W scale can be written as follows [23]
CSM7 (µW ) '
g2|VtbV ∗ts|D′0(mt)
M2W
' 1.06× 10−7(GeV )−2, (79)
where D′0(mt) ∼ 0.4, MW = 80.4 GeV and g ' 0.65. Following the analysis in [15] we
conveniently define the ratio between the NP and SM contributions as
δ7 ≡ C
RS−A4
7 (MKK)
CSM7 (µW )
' 1.3× 10
−7(GeV )−2
1.06× 10−7(GeV )−2 ×
(1 TeV )2
M2KK
Y 2y˜U , (80)
which is thus a function of y˜U and MKK . An analogous definition holds for C
′
7. We realize
that, even for KK masses as low as 3 TeV and for the largest Yukawa allowed by pertur-
bativity bounds Y = 4pi/
√
NKK ∼ 9, the RS-A4 new physics contribution predicted in the
spurion-overlap approximation is at most comparable to the SM one, and it is suppressed
by roughly an order of magnitude for the parameter assignments that yield a realistic CKM
matrix. To impose a conservative bound on the KK mass scale we proceed as in the anal-
ysis of flavor anarchic models [15, 16]. To compare with the experiment, we use the model
independent ratio [15] Γtotal(b→ sγ)/ΓSM(b→ sγ) ≈ 1 + 0.68Re(δ7) + 0.11|δ′7| which takes
into account the running from MKK down to µb, with Γ
total ∝ |C7(µb)|2 + |C ′7(µb)|2. Given
that the running of the Wilson coefficients from the KK scale down to µb remains an O(1)
suppression effect, and using the experimental value for BR(b→ sγ) affected by ∼ 10% un-
certainty, a O(20%) departure of NP contributions from the SM prediction is still allowed.
Considering separately the contributions from C7 and C
′
7, the allowed window translates
into [15] Re(δ7) . 0.3 and |δ′7| . 1.4. Since the contribution to C ′7 in our setup is further
suppressed by ms/mb compared to the one of C7 and the bound on δ
′
7 is far less stringent,
the constraint on the KK mass scale will come from δ7. Substituting in Eq. (80), we obtain
a conservative bound, which do not correspond to a realistic CKM matrix
(MKK)
cons.
b→sγ & 2.1Y
√
y˜U TeV . (81)
Using instead the parameter assignment of Eq. (12) to obtain a realistic CKM matrix, leads
to the more realistic constraint
(MKK)
CKM
b→sγ & 1.4Y
√
y˜U TeV . (82)
One important difference between RS-A4 and flavor anarchic models resides in the dominance
of C7 in the new physics contributions. This can obviously lead to different patterns of
interference between NP and SM contributions in direct CP asymmetries. Hence, a study
of the latter might discriminate among NP models more efficiently than the measure of
branching ratios. In RS-A4, a non trivial pattern of interference between C
RS−A4
7 and C
SM
7
might be in place.
Since the above constraint is the most significant we have encountered so far, we go beyond
the spurion-overlap approximation and use the results of the analytical diagonalization of
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Figure 3: Bounds on the KK mass scale MKK as a function of the overall Yukawa scale
Y for the neutron EDM (bottom, red) ′/ (centre, green) and b → sγ (top, black). The
analytical (th) results (solid lines) are obtained within the one-generation approximation
combined with the spurion-overlap analysis and compared with the numerical (N) results
(dashed lines) of the three-generation case. In both cases, predictions are obtained for the
model parameters that lead to a realistic CKM matrix.
the one-generation mass matrices. In this way we are able to obtain a better description of
the overlap dependence of the above process. The modifications to the overlap factor BuP
for b → sγ are obtained in appendix B.2 and the resulting new overall correction factor is
(BuP )
KK(1gen)
b→sγ ' −1.54, which has a very moderate effect on the KK mass scale bound. The
dependence of the resulting constraint on the size of Yukawa couplings is illustrated together
with the constraints from ′/ and the neutron EDM, in Fig. 3. Finally, we state the results
of the numerical and semianalytical approach to the three-generation case. Numerically, and
by adding up- and down-type contributions in quadrature, we obtain
(δ7)
Num.
RS−A4 ' 0.03 (MKK)b→sγ(Num.)RS−A4 & 1.27 TeV , (83)
while the semianalytical diagonalization scheme leads to
(δ7)
12×12th
RS−A4 ' 0.06 (MKK)12×12thRS−A4 & 1.8Y TeV . (84)
Fig. 3 provides a summary of the results obtained in this section. We compare the bounds on
the KK mass scale MKK as a function of the Yukawa coupling for the neutron EDM, 
′/ and
b → sγ. Differently from flavor anarchic models, the most stringent constraint eventually
comes from b → sγ. For an overall Yukawa scale Y ' 16 all constraints are weaker than
the one implied by EWPM, in particular ZbLb¯L. In Fig. 3 we also compare the analytical
prediction (th), obtained in the combined spurion-overlap and one-generation diagonalization
6We recall that the overall Yukawa scale is defined as yu,d,c,s,t,b → Y yu,d,c,s,t,b, with reference values
yu,d,c,s,b = 1 and yt = 2.8.
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scheme described in Sec. 4.1, with the exact numerical analysis (N) of all three generations.
Both predictions are obtained for the model parameters that lead to a realistic CKM matrix.
It is worth to recall that the analytical prediction for the neutron EDM reported in Fig. 3
and Eq. (50), represents a very conservative estimate coming from the up sector contribution
in Eq. (48) and entirely due to the non degeneracy of overlap factors. Differently from other
quantities, the neutron EDM identically vanishes in the spurion-overlap approximation with
degenerate overlap factors.
We conclude that the constraints on new physics contributions from the neutron EDM, (′/)
and b→ sγ are relaxed in our setup compared to generic warped flavor anarchic models. In
order to impose significant bounds on the KK mass scale in RS-A4 using the above processes
we must wait for more precise measurements of these observables. This might not be the
situation with Higgs mediated FCNCs, considered in the next section.
6 New physics from Higgs mediated FCNCs
It has been pointed out, both in the context of a composite Higgs sector of strong dynamics
[18] and warped extra dimensions [19], that higher dimensional operators in the low energy
4D effective theory with extra insertions of a Higgs field generally leads to a misalignment
between mass and Yukawa matrices and consequently to tree level Higgs mediated FCNCs.
The presence of a misalignment is a quite general and model independent result.
In the RS-A4 framework, once A4 is completely broken by “cross-talk” interactions, the 4D
effective Yukawa couplings originate from 5D Yukawa operators that involve the Higgs, and
one or both flavons Φ and χ. This is relevant to determine the typical strength of the effective
4D interactions. The operators that generate the misalignment between the Higgs Yukawa
couplings and SM fermion mass matrices in the 4D effective theory, are of dimension six and
can be written in terms of the 4D fields as follows [19]:
Au,dij
H2
Λ2
HQ¯Li(URj , DRj), Bij
H2
Λ2
D¯Ri /∂DRj , Cij
H2
Λ2
U¯Ri /∂URj , Kij
H2
Λ2
Q¯Li /∂QLj ,
(85)
where QLi and DRi(URi) are the SU(2)L SM fermion doublets and singlets, respectively,
and the Higgs field H = v + h is a 4D field containing the physical Higgs h. The scale
Λ is the 4D cutoff and the coefficients Aij, Bij, Cij and Kij are in general complex. The
indices i, j denote flavors of the SM quarks. Once the electroweak symmetry is broken at the
Higgs VEV scale, v = 174 GeV, the above operators will induce corrections to the fermion
masses, Yukawa couplings and kinetic terms. The corrected mass and kinetic terms can be
generically parametrized as [19]
v
(
yˆSMijd + A
d
ij
v2
Λ2
)
Q¯LiDRj ,
(
δij
2
+Kij
v2
Λ2
)
Q¯Li /∂QLj ,
(
δij
2
+Bij
v2
Λ2
)
D¯Ri /∂DRj ,
(86)
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Figure 4: Higgs mediated corrections to masses and Yukawa couplings of SM fermions in the
mass insertion approximation. The 4D effective Higgs field is defined here as H = v+h and
contains the physical Higgs field h.
Figure 5: Higgs mediated corrections to kinetic terms of SM fermions in the mass insertion
approximation.
while the corrected Yukawa interactions with the physical 4D Higgs h are generally given by(
yˆSMijd + 3A
d
ij
v2
Λ2
)
hQ¯LiDRj , (87)
and analogously for the up contributionsAuij and Cij, where yˆ
SM
iju,d
' Yˆ LOiju,df−1Qi f−1uj ,djrHΦ00 (cQi , cuj ,dj , β)
are the SM leading order Yukawa couplings. The origin of the misalignment between Yukawa
couplings and SM masses [19] resides in the simple fact that an additional multiplicity factor
3 is associated with the corrected Yukawa couplings to the physical Higgs h. In the mass
insertion approximation, the leading corrections to Yukawa couplings and fermion masses
are generated by the second diagram in Fig. 4, while the corrections to the fermion kinetic
terms are generated by the second diagram in Fig. 5 via the exchange of KK modes.
After redefining the fermion fields to canonically normalize the corrected fermion action,
the total misalignment between SM masses and Yukawa couplings in the mass insertion
approximation is given by [19]
∆ˆu,dH = mˆ
SM
u,d − yˆSMu,d v = ∆ˆu,dH1 + ∆ˆu,dH2 , (88)
where
∆ˆu,dH1 = −2Au,dij
v2
Λ2
∆ˆ
u(d)
H2
= −
(
Kij
v2
Λ2
+ Cij(Bij)
v2
Λ2
)
. (89)
It is clear that, after the shift in Eq. (88), the SM mass matrix and Yukawa couplings are in
general not diagonalized by the same biunitary transformation. Thus, in the diagonal mass
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basis, non-diagonal Yukawa interactions are in general present and induce FCNC processes
by tree level Higgs exchange.
In [15] the contributions of Higgs mediated FCNC to ∆F = 2 processes were estimated
in the framework of flavor anarchy. It was found that the dominant contribution to the
misalignment is in this case due to (−−) KK modes, and does not vanish for an IR localized
Higgs, contrary to the conclusions of previous analyses [27]. Also, the overall misalignment
was calculated by mass diagonalization in the one-generation approximation, and generalized
to three generations using a spurion analysis in the mass insertion approximation [10]. Here,
we analyze the same misalignment in the context of RS-A4 to establish whether a significant
suppression of Higgs mediated FCNC contributions to ∆F = 2 processes can be induced by
the particular structure of up and down diagonalization matrices of A4.
We start with writing the explicit flavor structure of the corrections in Eq. (89), in the IR
localized case and using the spurion analysis in the mass insertion approximation. In the
special interaction basis one would in this case obtain(
∆ˆu,dH1
)
ij
= −2v
3R′2
3
[
FQYˆu,dYˆ
†
u,dYˆu,dFu,d
]
ij
, (90)(
∆ˆu,dH2
)
ij
= −R′2
[
mˆu,d
(
mˆ†u,dKˆ(c
L
q ) + Kˆ(cui,di)mˆ
†
u,d
)
mˆu,d
]
ij
, (91)
where Kˆ(ci) = diag(K(ci)) and
K(c) =
1
1− 2c
[
− 1
ε2c−1 − 1 +
ε2c−1 − ε2
(ε2c−1 − 1)(3− 2c) +
ε1−2c − ε2
(1 + 2c)(ε2c−1 − 1)
]
, (92)
with (R′)−1 = k e−kpiR ≈ 1.8 TeV the UV cutoff of the 4D theory and ε = R/R′ = e−kpiR.
The function K(c) was obtained in [19] by taking the brane localized Higgs limit (βH →∞)
of the original bulk function for one generation of down-type quarks. The c dependence of
K(c) renders the shift from kinetic terms subdominant w.r.t. the one arising from Yukawa
interactions, in the case of first and second generation quarks that interest us.
To account for bulk effects in the three-generation case we use the spurion-overlap approx-
imation of Sec. 3.3. One can easily realize that the general flavor structure of the shift in
Eq. (90) for the up and down sectors is identical to the one of the down-type contributions to
dipole operators. This means that we can rewrite Eq. (90) in the form of Eq. (29) with a new
factor BHPu,d that quantifies to a good approximation the overall effect of overlap corrections
present in the second diagram of Fig. 4. The difference with the dipole operator case in
Eq. (21) stems from the different type of KK modes: dKKL and q
KK
R in Fig. 4 denote (−−)
and (+−) KK states in custodial RS-A4. The flavor structure of the dominant contribution
to the misalignment
ˆ
∆u,dH1 thus contains two terms
(
ˆ
∆d,uH1 )(++) ∝ FQYˆd,u r01(cQi , cd`1 ,u`1 , β) Yˆ
†
d,u r1−1−(cd`1 ,u`1 , cQ`2 , β) Yˆd,u r10(cQ`2 , cdj ,uj)Fd,u ,
(∆ˆd,uH1 )(−+) ∝ FQYˆu,d r01−+(cQi , cu`1 ,d`1 , β) Yˆ
†
u,d r1+−1(cu`1 ,d`1 , cQ`2 , β) Yˆd,u r10(cQ`2 , cdj ,uj , β)Fd,u .
(93)
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Given the almost degeneracy of overlap factors as shown in appendix A.1, we can again work
in the approximation analogous to Eq. (29), and define BHPu,d
BHPu,d = max
(
(rˆu,d00 )
−3(rˆu,d01 rˆ
u,d
1−1− + rˆ
u,d
01−+ rˆ
u,d
1+−1−) rˆ
u,d
10
)
(94)
as an overall multiplicative overlap factor. It is now important to notice that the IR peaked
profile of both Φ and the Higgs and the vanishing of the (−−) and (+−) profiles at the IR
brane, provide a suppression by almost an order of magnitude of the overlap factors r1−1−
and r1+−1− compared to r11 and r1−+1, rendering ∆ˆ
u,d
H1
smaller, but still dominant over ∆ˆu,dH2 .
In the same approximation of Eq. (29) and in the mass basis ∆ˆu,dH1 reduces to
(∆ˆu,dH1 )ij = −
2R′2f 2Qmui,dim
2
uj ,dj
BHPu,d
3
3∑
n=1
(V u,dR )
∗
ni(V
u,d
R )njf
2
un,dn . (95)
Disregarding ∆ˆu,dH2 , the off-diagonal Yukawa couplings in the mass basis are then obtained
by dividing the contribution in Eq. (95) by the Higgs VEV, v. Recalling the structure
of the right-handed diagonalization matrices in Eq. (13) and the hierarchy of fui,di , it is
straightforward to identify the dominant corrections. Defining (∆yˆu,dSM)ij ≡ au,dij ≡ (∆ˆu,dH1 )ij/v
we obtain
au,dij '
−2R′2f 2Qmui,dim2uj ,djBHPu,d
3v
 f 2u,d f 2u,d∆u,d1 f 2u,d∆u,d2−f 2u,d(∆u,d1 )∗ f 2c,s f 2c,s∆u,d3
−f 2u,d(∆u,d2 )∗ −f 2c,s(∆u,d3 )∗ f 2t,b

ij
. (96)
Hence, new 4D effective operators of the form adijhd¯
i
Ld¯
j
R + (d→ u) + h.c. will induce tree
level Higgs mediated FCNC. One can already notice that the suppression of third-generation
couplings, as for t¯t, is much milder than in the flavor anarchic case [19]. For R′ ' 1.8
TeV, the suppression amounts to ∆yt/yt ∼ 4 × 10−3. This is due to the degeneracy of the
left-handed fermion profiles fQ and the consequent factorization of the left-handed matrices
VL.
6.1 Low energy physics bounds from ∆F = 2 processes
The Higgs flavor violating couplings can induce tree level FCNC contributions to various
observables. The most stringent constraints on their size may come from experimental
bounds on ∆F = 2 processes, such as K − K¯, Bd,s − B¯d,s and D − D¯ mixing. ∆F = 2
processes are described by the general effective Hamiltonian [23, 28]:
H∆F=2eff =
5∑
a=1
CaO
qiqj
a +
3∑
a=1
C ′aO
′qiqj
a , (97)
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where
O
qiqj
1 = q¯
α
jLγµq
α
iLq¯
β
jLγ
µqβiL, O
qiqj
2 = q¯
α
jRq
α
iLq¯
β
jRq
β
iL, O
qiqj
3 = q¯
α
jRq
β
iLq¯
β
jRq
α
iL
O
qiqj
4 = q¯
α
jRq
α
iLq¯
β
jLq
β
iR, O
qiqj
5 = q¯
α
jRq
β
iLq¯
β
jLq
α
iR , (98)
with color indices α, β. The opposite chirality operators are denoted with a ′ and obtained
Figure 6: Contributions to ∆F = 2 processes from Higgs exchange at tree level.
from the operators above by the replacement L ↔ R. For K − K¯, Bd − B¯d, Bs − B¯s and
D − D¯ mixing we have qiqj = sd, bd, bs and uc, respectively. In particular, Higgs mediated
tree-level processes as in Fig. 6 generate new contributions to C2, C
′
2 (Fig. 6(A)) and C4
(Fig. 6(B)) [19]. They read as follows
Ch2 =
a2ij
m2h
C
′h
2 =
a2ji
m2h
Ch4 =
aijaji
m2h
, (99)
where mh denotes the mass of the physical Higgs. We adopt the model independent bounds
of [28], renormalized at the scale µh = 200 GeV as in [19], to make the comparison with the
flavor anarchic results in [19] transparent. The bounds
ImCK2 ≤ 2.04× 10−16GeV −2, ImCK4 ≤ 5.9× 10−17GeV −2, |CD2 | ≤ 2.77× 10−13GeV −2,
|CD4 | ≤ 1.18× 10−13GeV −2, |CBd2 | ≤ 1.23× 10−12GeV −2, |CBd4 | ≤ 5.1× 10−13GeV −2,
|CBs2 | ≤ 1× 10−10GeV −2, |CBs4 | ≤ 3.46× 10−11GeV −2 (100)
directly constrain both mh and aij, and provide lower bounds for the KK mass scale. The
most stringent bound in RS-A4 should be provided by ImC
K
4 and comes from K . Using
Eqs. (99) and (96) in the spurion-overlap approximation with an overall overlap factor, one
obtains
Im(CK4 )RS−A4 ' Im
(
(2BHdP f
2
QR
′2)2
m2h(3v)
2
f 4dm
3
dm
3
s∆
d
1∆
d∗
1
)
= 0 (101)
for any parameter assignment to first order in x˜di and y˜
d
i . The next strongest constraint should
come from CK2 . Using again Eqs. (99) and (96), assuming Im((∆
d
1)
2) = (max(|∆d1|))2 =
34
4y˜2D(f
d
χ +f
s
χ)
2, choosing mh = 300 GeV and R
′ = (1.8 TeV )−1 as reference values, the largest
contribution to CK2 in the same approximation is
Im(CK2 )RS−A4 ' Im
(
(2BHdP f
2
QR
′2)2
m2h(3v)
2
f 4dm
2
dm
4
s∆
d
1∆
d
1
)
' 1.4×10−20 GeV −2
(
Y 2y˜D(1.8 TeV R
′)4
(mh/300 GeV )2
)
(102)
where we used fd = 2.24 × 104, fQ = 3.13 and BHdP ' 0.18. Thus, both constraints from
C4 and C2 are strongly suppressed in our setup. This is again due to the A4 pattern of
the Yukawa matrices. Suppression factors come from the mass ratios in V dR , due to the
mass hierarchy and the consequent hierarchy of right-handed fermion profiles in A4, the
presence of fd,s,bχ suppression factors also in V
d
L , and the suppressed overlap of (−−) and
(+−) fermion KK modes with the IR peaked VEV of Φ and the bulk Higgs. The same
sources of suppression are at work in the up sector. For completeness, we obtain the largest
possible estimation of the NP contribution to CD2 , the most constraining bound in the up
sector. Assuming Im((∆u1)
2) = (max(|∆u1 |))2 = 4y˜2U(fuχ + f cχ)2, and using the same reference
values for mh and R
′ as before, we obtain
|(CD2 )|RS−A4 =
∣∣∣∣∣(2BHuP f 2QR′2)2m2h(3v)2 f 4um2um4c∆u1∆u1
∣∣∣∣∣ ' 2.4× 10−18GeV −2
(
Y 2y˜U(1.8 TeV R
′)4
(mh/300 GeV )2
)
,
(103)
where we used B
Hu,d
P = 0.18 from Eq. (90). The above contribution is almost six orders
of magnitude suppressed compared to the model independent bound in Eq. (100). Higher
order corrections in x˜u,di and y˜
u,d
i will induce terms which are suppressed by at least O(f
ui,di
χ )
compared to the first order terms and they will generally combine incoherently. Hence, it
seems safe to expect that Higgs mediated FCNC contributions to ∆F = 2 processes do not
provide the most stringent bounds on the KK mass scale in the RS-A4 model, even going
beyond the spurion-overlap approximation and taking full account of generational mixing.
Far more stringent constraint thus remains the one coming from the ZbLb¯L coupling, which
is fairly satisfied for the choice cLq = 0.4, R
′−1 = 1.8 TeV, mh = 150 GeV and order one
Yukawa couplings. Fig. 7 also shows how the bound on the KK mass MKK ' 2.55R′−1
becomes weaker upon increasing the Higgs mass.
7 Conclusions
We have illustrated how the presence of an additional A4 flavor symmetry in the bulk of
a warped two-brane scenario allows to relax the most stringent lower bounds on the KK
mass scale typical of flavor anarchic models. The most relevant difference between the RS-
A4 model proposed in [1] and flavor anarchy stems from the degeneracy of the left-handed
fermion bulk profiles, and the consequent factorization of the left-handed rotation matrices
in many contributions to dipole operators. The flavor hierarchy of the Standard Model is
induced by the A4 texture of the 5D Yukawa couplings and the bulk mass parameters of the
right-handed fermions.
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Figure 7: Bound on the KK mass scale MKK(TeV) from ZbLb¯L as a function of the Higgs
mass, mh(TeV).
At leading order in an expansion in powers of the UV cutoff of RS-A4, i.e. in the absence of
cross-talk interactions [1], the CKM matrix is the unit matrix and no quark mixing is gen-
erated in the effective 4D theory. At next-to-leading order, an almost realistic CKM matrix
is obtained in a rather economical way, due to the presence of cross-talk higher-dimensional
operators and cross-brane interactions. We have also shown in [1] that the structure of the
leading order Yukawa couplings may induce exact cancellations in the contributions to dipole
operators. It is hence natural to expect the suppression of many contributions to the same
operators, once the next-to-leading order corrections to the Yukawa couplings are taken into
account, as compared with flavor anarchic descriptions.
It should also be noticed that whenever a flavor symmetry is present in the 5D theory, it
is important – and more relevant than in flavor anarchic models – to fully account for non-
degeneracies and KK mixing patterns within the same generation and among generations.
For this reason, we have considered various analytical approximations and compared their
prediction with an exact analysis based on a fully numerical diagonalization of the complete
KK mass matrix, a 12× 12 matrix in the custodial case for three generations.
Concerning flavor violating processes, the first relevant difference with flavor anarchic models
is the fact that new physics contributions are dominated by the same chirality operators
as in the Standard Model and no enhancement of the opposite chirality operators is in
place. Another relevant feature is the vanishing of the dominant new-physics contribution
to K , mediated by a KK gluon exchange at tree level. This has striking consequences,
due to the fact that this contribution to K is inversely proportional to the Yukawa scale,
while other relevant observables such as ′/K , b → sγ and the neutron EDM are directly
proportional to the Yukawa scale. The consequence in flavor anarchic models [16] is that
the combined constraints from K , 
′/K and b→ sγ force large Yukawa couplings, closer to
the perturbativity bound, and an overall bound MKK & 7.5 TeV. In addition, the little CP
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problem [10], related to the generation of a far too large neutron EDM in flavor anarchy,
remains to be solved. In contrast, given the vanishing of the leading new physics contributions
to K in RS-A4, the most relevant constraints on the new physics scale should come from
the remaining FCNC processes, while relaxing the constraints on the size of the Yukawa
couplings.
Fig. 3 is a summary of the most relevant results for FCNC processes in RS-A4, expressed
in terms of the lower bounds on the KK mass scale MKK ' 2.55R′−1 and by varying
the typical size of Yukawa couplings. Given the absence of the constraint from K , an
O(1) Yukawa coupling is allowed, providing the overall bound MKK & 1.3 TeV, induced
by b → sγ. The latter bound is weaker than any flavor anarchic bound and less stringent
than the bound MKK & 4.6 TeV, from ZbLb¯L in RS-A4 [1]. Another salient feature in
Fig. 3 is the substantial suppression of new physics contributions to the neutron EDM. This
stems from the A4-induced degeneracies in the left-handed fermion sector, which determine
the vanishing of these contributions to the EDM also at next-leading-order in the Yukawa
couplings, in the spurion-overlap analysis within the mass insertion approximation.
The pattern of HMFCNC in RS-A4 shows a much milder suppression of the top Yukawa
coupling if compared with flavor anarchic models, and more in general the A4 flavor structure
guarantees weak bounds on the KK mass scale induced by Higgs mediated FCNC processes.
We defer to future work the study of potentially interesting features of an extended PLR
custodial symmetry [29, 21] within a A4 warped flavor model. Such an additional symmetry
is known [21] to relax the constraints from ZbLb¯L.
We conclude that the little CP problem related to the neutron EDM in flavor anarchic
models is avoided in the custodial RS-A4, while the most stringent bounds on the KK mass
scale come from EWPM, in particular the ZbLb¯L coupling. The dominance of the constraint
induced by b→ sγ over the constraints from ′/K and the neutron EDM mainly stems from
the amount of non-degeneracy of the third-generation Yukawa coupling, in turn induced by
the degeneracy of the left-handed 5D profiles of all quarks in A4.
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A Explicit Calculation of Overlap Corrections
In this appendix we define and obtain explicitly the various overlap correction factors intro-
duced in Eq. (1) and discussed through the text. We start by some definitions. The bulk
geometry is a slice of AdS5 compactified on an orbifold S1/Z2 and can be described by the
proper distance metric
ds2 = dy2 + e−2k|y|ηµνdxµdxν , (104)
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where k 'MPl is the AdS5 curvature scale and −piR ≤ y ≤ piR. The UV and IR branes are
located at the orbifold fixed points y = 0 and y = piR, respectively. The same problem is also
studied by many authors in an interval setup with conformal coordinates. The corresponding
metric is in this case
ds2 =
(
R
z
)2
(−dz2 + ηµνdxµdxν) , (105)
where z = eky/k, defined on the interval (R,R′) with R = zh = 1/k and R′ = zv = ekpiR/k.
One feature of the interval setup is that it naturally allows for more general boundary
conditions (BC) for the bulk fields, as compared to the orbifold case. On the other hand,
only the orbifold fixed points can be naturally interpreted as the location of physical branes
due to source terms originating from the “jump” of derivatives at the fixed points; in the
interval picture branes can only be assumed to be located at the edges of the interval, namely
zh and zv. Since in the orbifold case the behavior of all bulk fields in the interval [−piR, 0]
is determined by their transformation law under the orbifold Z2 symmetry, we normalize all
wave functions and perform all integrals on the interval [0, piR] without loss of generality.
The normalized wave function for a fermion left-handed zero mode as a function of its bulk
mass is
χ0(cfi , y) =
√
2k(1/2− cfi)
epikR(1−2cfi ) − 1e
(2−cfi )k|y|, (106)
where fi = Qi, `i, ui, di, ei and cfi is the corresponding bulk mass given in units of k. A right-
handed zero mode is obtained with the replacement c → −c. The canonically normalized
wave function on the IR brane, χˆ0, is defined as χˆ0(cfi , piR) = e
(−3/2)kpiRχ0(cfi , piR).
The induced 4D VEV’s of the IR peaked bulk scalars Φ and H, required for the definition
of the IR localized Higgs limit, are related to the 5D VEV’s as follows
H0(Φ0) =
√
2k(1 + βH(Φ))
1− e−kpiR(2+2βH(Φ))v
4D
H(Φ)e
kpiR '
√
2k(1 + βH(Φ))v
4D
H(Φ)e
kpiR , (107)
where βH,Φ =
√
4 + µ2H,Φ tunes the amount of localization from the UV to the IR and µH,Φ
is the corresponding bulk mass in units of k. The above relation is obtained by integrating
the solution (for H or Φ) of the bulk equation of motion along the extra dimension [22].
In the IR localized Higgs and Φ case, the charged fermion masses arising from the Yukawa
coupling to the Higgs, and before diagonalization, are obtained via [30]:
(mˆf )
ij
IR = (yˆ
f
ij)LO
vv4DΦ e
kpiR
k2
χˆ0(c`i(cQi), piR)χˆ0(ceRj (cqRj ), piR) =
2(yˆfij)LO vv
4D
Φ e
kpiR
kf`i,Qifej ,uj(dj)
, (108)
where q = u, d, the matrix (yˆfij)LO of dimensionless 5D couplings is defined in Eq. (5) and
v ≡ v4DH = 174 GeV is the Higgs VEV. In the second equality we write the fermion masses
in similar notations to [10], where ffi =
√
2k/χˆ0fi to make the comparison with their results
more transparent. In the setup we use, where charged fermion masses are generated by the
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Yukawa interactions with bulk H and Φ and where LH fermion bulk masses are degenerate,
we have to consider the overlap of scalar VEV profiles and zero mode fermion profiles, leading
to the following masses before diagonalization:
(mˆf )
ij
Bulk = (yˆ
f
ij)LO
H0Φ0
k2
∫ piR
0
dye−4k|y|e(4+βH+βΦ)(k|y|−piR)χ0(c`i(cQi), y)χ0(ceRj (cqRj ), y) .
(109)
As a natural choice for the bulk scalar profile, we assume [22] βH,Φ ' 2 + , with  a
small parameter for stabilisation purposes. To obtain the physical quark masses at the scale
ke−kpiR ' 1.8 TeV we used the following assignment [1]:
cLq = 0.4, cu = 0.79, cd = 0.77, cs = 0.683, cc = 0.602, cb = 0.557, ct = −0.17 ,
(110)
with yu,c,d,s,b = 1 and yt ' 2.8, which is still required to match mt(µ = 1.8TeV ) ' 140
GeV. The integration in Eq. (109) is straightforward, given that all functions are simple
exponentials and only depend on β = βH + βΦ. Dividing Eq. (109) by Eq. (108), we obtain
the definition of the (LO) RS-A4 zero-zero overlap correction factors
(rHΦ00 )ij =
(mˆf )
ij
Bulk
(mˆf )
ij
IR
' (2
√
(1 + βH)(1 + βΦ)v
4D
Φ ve
2kpiR)
(4 + βH + βΦ − cLq − cui,di)v4DΦ ve2kpiR
' 6
8− cLq − cui,di
, (111)
where we used βH = βΦ ' 2, H0 = 0.396M3/2Pl , Φ0 = 0.577M3/2Pl , k 'MPl = 2.44× 1018TeV
and kpiR ' 34.8. The numerical values of the bulk parameters in Eq. (110) lead to
ru,d00 ' 0.88 rs00 ' 0.87 rc00 ' 0.86 rb00 ' 0.85 rt00 ' 0.77 , (112)
with a rather mild flavor dependence. In an analogous way we obtain rHΦχ00 , the overlaps asso-
ciated with the NLO Yukawa interactions of Eq.(7), for which the corresponding integration
for βχ = 2 was already performed in [1]:
rHΦχ00 (βH,Φ,χ, c
L
q , cui,di) '
4
√
2βχ
√
(1 + βH)(1 + βΦ)(1 + βχ)
(6 + βH + βΦ + βχ − cLq − cui,di)(6 + βH + βΦ − βχ − cLq − cui,di)
' 24
√
6
(12− cLq − cui,di)(8− cLq − cui,di)
, (113)
where in the second equality we used βH,Φ,χ = 2 + H,Φ,χ and H,Φ,χ << 1. Notice that
the interactions with χ are vanishing identically on the IR brane, for βχ = 2, due to the
VEV profile of χ; thus the IR localized limit of Yukawa interactions involving χ is naturally
suppressed. The correction rHΦχ00 , as defined in Eq. (113), is just a way for us to parametrize
the bulk NLO Yukawa interactions in a way similar to the LO Yukawa interactions. The same
goes for the definition of the 4D VEV for the χ field, χ0 = v
4D
χ e
kpiR
√
(1 + βχ). The overlap
correction factors from Eq. (113) range from (rHΦχ00 )t ' 0.64 to (rHΦχ00 )u ' 0.8. Finally, the
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function fui,diχ , defined after Eq. (7) and measuring the relative strength of NLO and LO
Yukawa interactions in the bulk case for generic βH,Φ,χ, is given by:
fui,diχ ≡
(v4Dχ e
kpiR/k) rHΦχ00 (c
L
q , cui,di , βHΦχ)
rHΦ00 (c
L
q , cui,di , βHΦ)
' 2βχCχ
6 + βH + βΦ + βχ − cLq − cui,di
. (114)
We then consider the overlap correction factors associated with the interaction of KK and
zero mode fermions. They enter at each Higgs vertex (and mass insertion) in the one-loop
diagrams of Figs. 1 and 2. The wave functions for the KK fermion modes are [30]:
χn(c, y) =
e5k|y|/2
Nn
√
piR
[
Jα
(
mn
ek|y|
k
)
+ bα(mn)Yα
(
mn
ek|y|
k
)]
, (115)
where α = |c + 1/2| and χn denotes the normalized wave function of the level n KK mode.
The coefficients bα(mn) and the mass spectrum mn are determined by the BC imposed on
the corresponding fermion. For (++) BC, one obtains [30, 10]
− bn = Jα−1(mn/k)
Yα−1(mn/k)
=
Jα−1(mnekpiR/k)
Yα−1(mnekpiR/k)
. (116)
The coefficient b˜n, for the wave function of the (−−) KK mode, is obtained by the replace-
ment α− 1→ α, and the replacement c→ −c should also be made. The coefficient b′n(mn)
for the (−+) KK mode is instead given by:
− b′n =
Jα(mn/k)
Yα(mn/k)
=
Jα−1(mnekpiR/k)
Yα−1(mnekpiR/k)
, (117)
while the coefficient b˜′n(mn), for the wave function of the (+−) KK mode, is obtained by the
replacement α↔ α− 1. The normalization factor Nn, for (++) modes, is as follows
(N2n)(++) =
1
2kpiR
[
e2kpiR
(
Jα(mn
ekpiR
k
) + bα(mn)Yα(mn
ekpiR
k
)
)2
−
(
Jα(
mn
k
) + bα(mn)Yα(
mn
k
)
)2]
, (118)
and the one for (−−) KK modes is given by the replacement α→ α− 1. The normalization
factor Nn, for (−+) KK modes, is instead
(N2n)(−+) =
1
2kpiR
[
e2kpiR
(
Jα(mn
ekpiR
k
) + bα(mn)Yα(mn
ekpiR
k
)
)2
−
(
Jα−1(
mn
k
) + bα(mn)Yα−1(
mn
k
)
)2]
, (119)
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and the one for (+−) KK modes is given by the replacement α↔ α− 1. For all KK modes,
in the limit mn << k and kR >> 1, the normalization factor is well approximated by
Nn ' e
kpiR
√
2kpiR
Jα
(
mn
ekpiR
k
)
' e
kpiR/2
√
pi2Rmn
. (120)
In this way the value of all KK modes on the IR brane is approximately
√
2k, as also in [16]
and others. The above definitions of the fermionic KK normalization constants are needed
when writing the 4D Lagrangian of Eq. (1) in terms of the Yukawa couplings in Eqs. (5)
and (7).
The overlap correction factors for the KK modes in Eq. (1) are thus defined as follows
rHΦnm (cn, cm, y) =
∫ piR
0
dy
√−gχn(cn, y)χm(cm, y)(H0Φ0/k2)e(4+βH+βΦ)k(|y|−piR)
χn(cn, piR)χm(cm, piR)(vv4DΦ )/(k
2e2kpiR)
, (121)
where n,m = 0, 1, 1−+, 1−, 1+−, 2, ... denote the KK states. In the following, we will only
consider the effects of the first KK level, thus taking n,m = 0, 1, 1−+, 1−, 1+−. Notice also
that the overlap integral of Eq. (121) with two bulk scalar fields is equivalent to the overlap
integral of a single bulk Higgs field with β = 2 + βH + βΦ, rescaled by a O(1) correction
factor, RHΦ
RHΦ =
H0Φ0/k
2
(vv4DΦ e
2kpiR/k)
√
2(3 + βH + βΦ)
' 2
√
(1 + βH)
√
(1 + βΦ)√
2(1 + βH + βΦ)
' 1.6 . (122)
All overlap factors can eventually be rewritten in terms of RHΦ, in order to make a direct
comparison with the case of a single bulk scalar field, the Higgs, and no flavon fields.
Since cLq is strongly constrained by electroweak precision measurements [1], and H and Φ
are exponentially peaked towards the IR brane, the cui,di dependence of the various overlap
corrections in Eq. (121) is mild. In addition, the continuous (−−) and (+−) wave functions
vanish at the IR brane, thus further suppressing the corresponding overlap corrections. It
is also important to notice that Eqs. (116) – (119) imply that the (−+) modes imitate the
(++) modes, while the (+−) modes imitate the (−−) modes. The same behavior should be
reflected in the corresponding overlap correction factors.
A.1 Numerical results for the overlap correction factors
We calculate the overlap integrals in Eq. (121) numerically for the first level KK modes and
for the bulk masses assignments in [1] and Eq. (110). In the following n,m = 0, 1 and we
define:
rui,din(n−)m(m−) ≡ rHΦn(n−)m(m−)(cLq , cui,di , β) rui,dinm−+ ≡ rHΦnm−+(cLq , cdi,ui , β). (123)
Similarly we also define:
rui,din−m+− ≡ rHΦn−m+−(cdi,ui , cLq , β). (124)
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The (++) and (−+) KK-KK overlap corrections are given by:
ru,d11 ' ru,d11−+ ' 0.747 rs11 ' rs11−+ ' 0.744 rc11 ' rc11−+ ' 0.740
rb11 ' rb11−+ ' 0.738 rt11 ' 0.645 rt11−+ ' 0.708. (125)
The (−−) and (+−) KK-KK overlap corrections are given by:
ru,d1−1− ' 0.096 ru,d1−1+− ' 0.070 rs1−1− ' 0.093
rs1−1+− ' 0.075 rc1−1− ' 0.090 rc1−1−+ ' 0.080
rb1−1− ' 0.087 rb1−1−+ ' 0.082 rt1−1− ' 0.112
rt1−1+− ' 0.048 . (126)
The (++) KK-zero and (−+) KK-zero overlap corrections rui,di01 are given by:
ru,d01 ' ru,d01−+ ' 0.800 rs01 ' rs01−+ ' 0.794 rc01 ' rc01−+ ' 0.790
rb01 ' rb01−+ ' 0.780 rt01 ' 0.670 rt01−+ ' 0.755 . (127)
The zero-KK (++) and zero-KK (−+) overlap corrections rui,di10 are given by:
ru,d10 ' 0.806 ru,d1−+0 ' 0.822 rs10 ' 0.795 rs1−+0 ' 0.811
rc10 ' 0.790 rc1−+0 ' 0.803 rb10 ' 0.784
rb1−+0 ' 0.798 rt10 ' 0.720 rt1−+0 ' 0.730 . (128)
Using Eqs. (112) and (125) – (128) we obtain the coefficients Bu,dP to be used in the spurion-
overlap formula in Eq. (28),
BuP = B
d
P ' 1.5. (129)
Notice that, while Bu,dP is larger than one, each independent overlap correction factor is
always smaller than one in magnitude and approaches one for IR localized H and Φ fields.
B Diagonalization of the KK mass matrices
We provide more details of the diagonalization procedure described in Sec. 4, starting from
the one-generation case, and then considering three generations. We first specify the KK
mass spectrum corresponding to the bulk parameters assignment in Eq. (110). Masses are
obtained by solving Eqs. (116) and (117) numerically. The common left-handed bulk mass
parameter cLq determines the mass of all LH (++) KK modes, Q
(1)ui,di
L , providing M
KK
QL
≡
MKK ' 2.55 ke−kpiR. The rest of the KK mass spectrum for the down-sector, in units of
R′−1 = ke−kpiR and omitting the label KK to ease the notation, is
M
d
(1)
R
= 2.8 M
d˜
(1)−+
R
= 2.8 M
s
(1)
R
= 2.75
M
s˜
(1)−+
R
= 2.55 M
b
(1)
R
= 2.5 M
b˜
(1)−+
R
= 1.23 ,
(130)
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while the mass spectrum in the up sector is given by:
M
u
(1)
R
= 2.8 M
u˜
(1)−+
R
= 2.8 M
c
(1)
R
= 2.56
M
c˜
(1)−+
R
= 2.7 M
t
(1)
R
= 3.4 M
t˜
(1)−+
R
= 2.5 .
(131)
Considering the above numerical values, we are going to treat two of the three KK modes for
each generation as almost degenerate, when diagonalizing the one-generation mass matrices
to O(x). Naively, this approximation may cease to be a good one for differences in KK
masses of O(0.2ke−kpiR), which happens to be characteristic of the first two generations since
their masses are only three times larger than x = v/MKK . For this reason, we kept track of
O(x2) terms in the perturbative diagonalization process, and verified a posteriori that they
are sufficiently suppressed and can be neglected within the O(x) approximation.
B.1 Diagonalization of the one-generation mass matrices
Starting from the down sector KK mass matrix in Eq. (31), and using Eq. (130) we realize
that we have to perform a pi/4 rotation in the (2, 4) plane when obtaining OdKKL and a pi/4
rotation in the (2, 3) plane, when obtaining OdKKR . These rotations act on Mˆ
KK
d (Mˆ
KK
d )
† for
OdKKL and (Mˆ
KK
d )
†MˆKKd forO
dKK
R . Once these rotations are performed and the corresponding
degenerate subspaces have been diagonalized, the resulting matrix can be diagonalized using
non degenerate perturbation theory. The same holds for all the one-generation mass matrices,
where the main differences reside in the degenerate subspaces. The resulting diagonalization
matrix for the down sector of the first generation is
OdKKL =
1 0.64f−1Q (r01y˘d − r101y˘u)x O(x2) 0.64f−1Q (r01y˘d + r101y˘u)x
−0.91f−1Q r01y˘∗dx 1√2 (−5.24r11 − 4.76r111)y˘
∗
dx
1√
2
O(x2) (3.7(r11 − r111)y˘u + 3.37(r22 − r222)y˘d)x 1 (3.7(r11 + r111)y˘u + 3.37(r22 + r222)y˘d)x
−0.91f−1Q r101y˘∗ux −1√2 (−5.24r11 − 4.76r111)y˘
∗
ux
1√
2

(132)
Since the KK mass spectrum in the up sector of the first generation is substantially identical
to the one in the down sector (cd = 0.77, cu = 0.79), the matrix O
uKK
L can be obtained from
the above equation by the replacement y˘u ↔ y˘d. For the right diagonalization matrix, we
obtain:
OdKKR =
1 f−1d r10y˘dx O(x2) O(x2)
−f−1d r10y˘dx 1 3.37(r11 + r22)y˘dx− 3.7(r111 + r222)y˘ux 3.37(r11 + r22)y˘dx+ (3.7(r111 + r222)y˘ux
O(x2) −(4.76r11 + 5.24r22)y˘∗dx 1√2
1√
2
O(x2) −(4.76r111 + 5.24r222)y˘∗ux −1√2
1√
2

(133)
where, once again, OuKKR is obtained with the replacement y˘u ↔ y˘d. Next, we turn to the
s-quark sector, which due to the “fake” SU(2)R partner of the cR quark, s˜
(1)−+
R , shows the
same KK mass degeneracy pattern as the one in the t-quark sector. Then OsKKL is given by:
OsKKL =
43

1 0.94f−1Q r01y˘sx
f−1Q√
2
r101y˘cx
f−1Q√
2
r101y˘cx
−0.94f−1Q r01y˘sx 1 (6.06r11 + 4.72r22)eiθc y˘∗sx −(6.06r11 + 4.72r22)eiθc y˘∗sx
O(x2) (8.6r11 + 8.1r22)y˘sx − eiθc√2 +
(r2111−r2222)y˘c+r211(|y˘s|2/y˘∗c )
4
√
2(r111+r222)
x e
iθc√
2
+
(r2111−r2222)y˘c+r211(|y˘s|2/y˘∗c )
4
√
2(r111+r222)
x
−f−1Q r101y˘∗cx O(x2) 1√2 +
(r2111−r2222)y˘c+r211(|y˘s|2/|y˘c|)
4
√
2(r111+r222)
x 1√
2
− (r2111−r2222)y˘c+r211(|y˘s|2/|y˘c|)
4
√
2(r111+r222)
x

(134)
where θc denotes the phase of y˘c. The right diagonalization matrix, O
sKK
R , is instead
OsKKR =
1 − f−1s√
2
r10e
iθc y˘∗sx O(x2) f
−1
s√
2
r10e
iθc y˘∗sx
−f−1s r10y˘sx − e
iθc√
2
+
(r2222−r2111)y˘c+r222(|y˘s|2/y˘∗c )
4
√
2(r111+r222)
x (8r11 + 8.5r22)y˘sx
eiθc√
2
+
(r2222−r2111)y˘c+r222(|y˘s|2/y˘∗c )
4
√
2(r111+r222)
x
O(x2) (5.7r11 + 6r22)eiθc y˘∗sx 1 −(5.7r11 + 6r22)eiθc y˘∗sx
O(x2) 1√
2
+
(r2222−r2111)y˘c+r222(|y˘s|2/|y˘c|)
4
√
2(r111+r222)
x O(x2) 1√
2
− (r2222−r2111)y˘c+r222(|y˘s|2/|y˘c|)
4
√
2(r111+r222)
x

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The diagonalization matrices for the t-quark sector, similar in structure to the matrices in
the s-sector, are as follows
OtKKL =
1 0.75f−1
Q
r01y˘tx
f
−1
Q√
2
r101y˘bx
f
−1
Q√
2
r101y˘bx
−0.75188f−1
Q
r01y˘tx 1 (1.22r11 + 0.92r22)e
iθb y˘∗t x −(1.22r11 + 0.92r22)eiθb y˘∗t x
O(x2) (1.73(r11 + 1.3r22)y˘tx − e
iθb√
2
+
(r2111−r2222)y˘b+(f2t r210+r211)(|y˘t|2/y˘∗b )
4
√
2(r111+r222)
x e
iθb√
2
+
(r2111−r2222)y˘b+(f2t r210+r211)(|y˘t|2/y˘∗b )
4
√
2(r111+r222)
x
−f−1
Q
r101y˘
∗
bx O(x2) 1√2 +
(r2111−r2222)y˘b+(f2t r210+r211)(|y˘t|2/|y˘b|)
4
√
2(r111+r222)
x 1√
2
− (r
2
111−r2222)y˘b+(f2t r210+r211)(|y˘t|2/|y˘b|)
4
√
2(r111+r222)
x

(136)
where θb denotes the phase of y˘b, and
OtKKR =
1 − f−1t√
2
r10e
iθb y˘∗t x O(x2) f
−1
t√
2
r10e
iθb y˘∗t x
−f−1t r10y˘tx − e
iθb√
2
+
(r2222−r2111)y˘b+r222(|y˘t|2/y˘∗b )
4
√
2(r111+r222)
x (1.33r11 + 1.8r22)y˘tx
eiθb√
2
+
(r2222−r2111)y˘b+r222(|y˘t|2/y˘∗b )
4
√
2(r111+r222)
x
O(x2) (0.92r11 + 1.22r22)eiθb y˘∗t x 1 −(0.92r11 + 1.22r22)eiθb y˘∗t x
O(x2) 1√
2
+
(r2222−r2111)y˘b+r222(|y˘t|2/|y˘b|)
4
√
2(r111+r222)
x O(x2) 1√
2
− (r2222−r2111)y˘b+r222(|y˘t|2/|y˘b|)
4
√
2(r111+r222)
x

(137)
Finally, we consider the b-quark sector and the analogous c-quark sector. Starting with
ObKKL , we obtain:
ObKKL =
1 − f
−1
Q√
2
r01|y˘b|x f
−1
Q√
2
r01|y˘b|x 2f−1Q r101y˘tx
−f−1Q r01y˘∗bx − e
−iθb√
2
− (r211−r222)y˘∗b+r2111(|y˘t|2/y˘b)
4
√
2(r111+r222)
x e
−iθb√
2
− (r211−r222)y˘∗b+r2111(|y˘t|2/y˘b)
4
√
2(r111+r222)
x O(x2)
O(x2) 1√
2
− (r211−r222)|y˘b|+r2111(|y˘t|2/|y˘b|)
4
√
2(r111+r222)
x 1√
2
+
(r211−r222)|y˘b|+r2111(|y˘t|2/|y˘b|)
4
√
2(r111+r222)
x − 23 (r111yt + 2r222yt)x
−2f−1Q r101y˘∗t x 0.47(r111 + 2r222)y∗t x 0.47(r111 + 2r222)y∗t x 1

(138)
and for the right-handed diagonalization matrix
ObKKR =
44

1 − f
−1
b√
2
r10|y˘b|x f
−1
b√
2
r10|y˘b|x O(x2)
−f−1b r10y˘bx − e
iθb√
2
+
(r222−r211)y˘∗b+r2222(|y˘t|2/y˘b)
4
√
2(r11+r22)
x e
iθb√
2
+
(r222−r211)y˘∗b+r2222(|y˘t|2/y˘b)
4
√
2(r11+r22)
x − 23 (2r111 + r222)ytx
O(x2) 1√
2
+
(r222−r211)|y˘b|+r2222(|y˘t|2/|y˘b|)
4
√
2(r11+r22)
x 1√
2
− (r222−r211)|y˘b|+r2222(|y˘t|2/|y˘b|)
4
√
2(r11+r22)
x O(x2)
O(x2) −
√
2
3 (r111 + 2r222)e
iθb y˘∗t x
√
2
3 (r111 + 2r222)e
iθb y˘∗t x 1

(139)
Analogously, OcKKL is given by:
OcKKL =
1 − f
−1
Q√
2
r01|y˘c|x f
−1
Q√
2
r01|y˘c|x 0.94f−1Q r101y˘sx
−f−1Q r01y˘∗cx − e
−iθc√
2
− (r211−r222)y˘∗c+r2111(|y˘s|2/y˘c)
4
√
2(r111+r222)
x e
−iθc√
2
− (r211−r222)y˘∗c+r2111(|y˘s|2/y˘c)
4
√
2(r111+r222)
x O(x2)
O(x2) 1√
2
− (r211−r222)|y˘c|+r2111(|y˘s|2/|y˘c|)
4
√
2(r111+r222)
x 1√
2
+
(r211−r222)|y˘c|+r2111(|y˘s|2/|y˘c|)
4
√
2(r111+r222)
x (8.6r111 + 8.1r222)ysx
−0.94f−1Q r101y˘∗sx −(6.1r111 + 5.7r222)y∗sx −(6.1r111 + 5.7r222)y∗sx 1

(140)
while OcKKR is
OcKKR =
1 −f−1c√
2
r10|y˘c|x f
−1
c√
2
r10|y˘c|x O(x2)
−f−1c r10y˘cx − e
iθc√
2
+
(r222−r211)y˘∗c+r2222(|y˘s|2/y˘c)
4
√
2(r11+r22)
x e
iθc√
2
+
(r222−r211)y˘∗c+r2222(|y˘s|2/y˘c)
4
√
2(r11+r22)
x (8r111 + 8.5r222)ysx
O(x2) 1√
2
+
(r222−r211)|y˘c|+r2222(|y˘s|2/|y˘c|)
4
√
2(r11+r22)
x 1√
2
− (r222−r211)|y˘c|+r2222(|y˘s|2/|y˘c|)
4
√
2(r11+r22)
x O(x2)
O(x2) (5.65r111 + 6r222)eiθc y˘∗sx −(5.65r111 + 6r222)eiθc y˘∗sx 1

(141)
We also provide the KK mass spectrum obtained in the one-generation approximation. The
mass spectrum for the first generation, u and d, KK modes remains unchanged at O(x) and
given by
(MKKu,d )diag = MKK diag
(
y˘u,df
−1
Q f
−1
u,dr00x, 1.1, 1, 1.1
)
(142)
The mass spectrum for the s and t KK modes is modified in a similar manner, as follows
(MKKs )diag = MKK diag
(
y˘sf
−1
Q f
−1
s r00x, 1.125, 1− (r111 + r222)|y˘c|x, 1 + (r111 + r222)|y˘c|x
)
(MKKt )diag = MKK × diag
(
y˘tf
−1
Q f
−1
t r00x, 1.33, 1− (r111 + r222)|y˘b|x, 1 + (r111 + r222)|y˘b|x
)
(143)
The mass spectrum for the b and c KK modes is also modified in a similar manner
(MKKb )diag = MKK diag
(
y˘bf
−1
Q f
−1
b r00x, 1− (r111 + r222)|y˘b|x, 1 + (r11 + r22)|y˘b|x, 0.5
)
(MKKc )diag = MKK × diag
(
y˘cf
−1
Q f
−1
c r00x, 1− (r11 + r22)|y˘c|x, 1 + (r11 + r22)|y˘c|x, 1.125
)
(144)
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B.2 Overlap dependence of Dipole Operators in the one-generation
approximation
In this section we evaluate the coefficients Bu,dP that enter the spurion-overlap analysis of the
new physics contributions to the neutron EDM, ′/ and b→ sγ, when it is combined with
the direct diagonalization of the one-generation mass matrices. The approach is described in
Sec. 4.1 and makes use of Eqs. (33) and (34), the Yukawa matrices of Eqs.(35)–(37) and the
diagonalization matrices of appendix B.1. In the evaluation of Bu,dP for this case, we neglect
the very moderate generational dependence of overlap corrections and use their maximal
value, leading to the most conservative estimate.
We start with the down-type contribution to the neutron EDM. The overlap dependence of
this contribution in the one-generation KK diagonalization scheme is encoded in (BdP )
KK(1gen)
nEDM ,
for which the most dominant contributions are as follows
(BdP )
KK(1gen)
nEDM = (r01 + r101)
[
2.6r10(r11 + r111) + 1.88r10(r22 + r222) + 0.91f
2
Qr00(r01 + r101)
]
.
(145)
Here and in the following r111 = r11−+ , r101 = r01−+ , r22 = r1−1− , r222 = r1−1+− and
the notation for the rest of the overlaps is the same as in Eq. (1). As we naively ex-
pect from the spurion-overlap analysis in the mass insertion approximation, each term in
the above equation is cubic in the overlap correction factors and of the characteristic form
(0−KK)(KK −KK)(KK − 0), or (0− 0)(0−KK)(0−KK) for f 2Q proportional terms.
Notice that the latter, with f 2Q ≈ 0.1, is suppressed compared to other O(x) ≈ O(0.1) terms.
For this reason we can safely neglect the overlap correction terms proportional to O(0.5)f 2Q
in the expressions below.
The overlap dependence of the up-type contribution to the neutron EDM is encoded in
(BuP )
KK(1gen)
nEDM , for which the most dominant contributions are as follows
(BuP )
KK(1gen)
nEDM = (r10 + r101)
[
2.6r10(r11 + r111) + 2.9r10(r22 + r222) + 0.46f
2
Qr00(r01 + r101)
]
.
(146)
The overlap dependence of the up- and down-type contributions within the first generation
is almost identical, due to the similarity of the corresponding one-generation KK diagonal-
ization matrices of Eqs. (132) and (133) and given that cd = 0.77 and cu = 0.79. More
substantial differences between the overlap dependence of up- and down-type contributions
to ′/ and b → sγ are to be expected, since they involve less degenerate bulk parameters
from the second and third generation. In addition, to account conservatively for the genera-
tional dependence within the one-generation approximation, we will take the maximum over
all generations for the following Bu,dP factors.
The overlap dependence of the down-type (neutral Higgs) contribution to ′/ is thus encoded
in (BdP )
KK(1gen)
′/ , for which the dominant terms are as follows
(BdP )
KK(1gen)
′/ = max
[
r01r10
(
1
4
r111 − 5
4
r222 +
r211
4(r111 + r222)
+ f 2Qr00r101
)]
. (147)
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For the up-type (charged Higgs) contribution to ′/ we obtain
(BuP )
KK(1gen)
′/ = max
[
r01r10
r11 + r22
(
3.24r211 − 6.06r111(r11 + r22)− 0.125r2111 + 5.93r11r22
+2.68r222 − 6.43r222(r11 + r22)
)
+
r10r101
r11 + r22
(
1
8
(r211 + r
2
111) + 0.5r11r22
−2.7r111(r11 + r22) + 0.375r222 − 3.37r222(r11 + r22)
)]
. (148)
For the down-type (neutral Higgs) contribution to b→ sγ, the dominant overlap dependence
is as follows
(BdP )
KK(1gen)
b→sγ = max
{
r10
r11 + r22
[
r01
(
0.2 r211 +
√
2 r2111 − (
√
2/2) r11r22 − 0.9r222
)
+ r101
(−0.125 r211 − r2111 + 0.5 r11r22 + 0.625 r222)]
+
r10
r111 + r222
[
r01
(
4r11r111 + 4.8r111r22 + 4.04r11r222 + 4.76r22r222
)
+ r101
(−0.1r2111 + 0.125r222 + 0.54r111r222 + 0.625r2222) ]
− r101 (1.32r10r111 + 4.62r10r222)} , (149)
while the dominant up-type (charged Higgs) contribution is
(BuP )
KK(1gen)
b→sγ = max
{
r10
r11 + r22
[
r01
(
−0.18 r211 +
√
2 r2111 − 2 r11r22 − 1.8r222
)
+ r101
(
0.125 r211 + r
2
111 +
√
2 r11r22 + 1.275 r
2
22
)]
+
r10
r111 + r222
[
r01
(−4r11r111 − 3.8r111r22 − 4.04r11r222 − 3.8r22r222)
+ r101
(
0.125r2111 − 0.125r222 + 0.47r111r222 + 0.347r2222
) ]
+ r101 (1.32r10r111 − 2.9r10r222)} . (150)
Using the numerical results for the overlap corrections in the RS-A4 setup, as given in
appendix A.1, we obtain the following conservative estimate for the modified Bu,dP overlap
factors
(BdP )
KK(1gen)
nEDM ' 5.4 (BuP )KK(1gen)nEDM ' 5.3 (BdP )KK(1gen)′/ ' 0.2,
(BuP )
KK(1gen)
′/ ' −2.63, (BdP )KK(1gen)b→sγ ' 0.98, (BuP )KK(1gen)b→sγ ' −1.54 , (151)
to be used in the combined spurion-overlap analysis with the diagonalization of the one-
generations mass matrices – see Sec. 4.1.
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B.3 Approximate analytical diagonalization of the three-generation
mass matrices
This section collects more details of the approximate analytical diagonalization scheme de-
scribed in Sec. 4.2. In particular, we are going to inspect the structure of the down-type
mass matrix, MˆDFull, once it is rotated by the block KK diagonalization matrices, O
DKK
L,R .
This allows to understand why an additional rotation by the A4 12×12 matrices, OˆDA4L,R may
provide an almost complete diagonalization. Similar arguments hold for the up-type mass
matrix, MˆUFull, which is of an analogous structure. Using the 4× 4 block notation, we write:
(ODKKL )
†MˆDFullO
DKK
R
MKK
≡ M˜D(KK)
=
 (MˆdKK)diag/MKK (OdKKL )†Yˆ ′KKs OsKKR x (OdKKL )†Yˆ ′KKb ObKKR x(OsKKL )†Yˆ ′KKd OdKKR x (MˆsKK)diag/MKK (OsKKL )†Yˆ ′′KKb ObKKR x
(ObKKL )
†Yˆ ′′KKd O
dKK
R x (O
bKK
L )
† Yˆ ′′KKs O
sKK
R x (Mˆ
b
KK)diag/MKK

(152)
In the above equation, Yˆ
(′,′′)KK
d,s,b is a shorthand notation for the off-diagonal entries in Eq. (38),
namely Yˆ ′KKd = Yˆ
KK
d ((yˆ
LO
21 + yˆ
NLO
21 , fd) and so on. Using this notation, the matrix Yˆ
′KK
d has
the same structure as Yˆ KKd in Eq. (35), up to the replacement y˘u,d → y˘ ′u,d. At LO, from
Eq. 5, one also has y˘ ′u,d ≡ (Yˆ u,d12 )LO = 2(yˆu,d12 )LOv4DΦ ekpiR/k, while Eq. 7 provides the NLO
contribution. Since we want to perform the diagonalization to O(x), the slight generational
dependence of the overlap corrections is numerically negligible at this order. The same goes
for the zero-zero interaction terms in each of the off-diagonal blocks. It is important to
notice that the latter are proportional to x, hence it is clear that only the O(1) terms in
O
(d,s,b)KK
L,R will supplement us with off-diagonal O(x) entries in the “KK-rotated” mass matrix
of Eq. (152). The O(1) terms in the KK diagonalization matrices arise from the rotations
that diagonalize the corresponding nearly degenerate subspaces.
To illustrate it, we first focus on the (12) block in Eq. (152) and write it explicitly. From
Eqs. (132) and (133), we learn that the O(1) terms in OdKKL,R correspond to pi/4 rotations in
the (24) and (34) subspaces, respectively. Similarly the O(1) terms in OsKKL,R of Eqs. (134)–
(135), correspond to pi/4 rotations (plus a phase θc ≡ Arg(yc)) in the (34) and (24) subspaces,
respectively. Using (yˆu,d12 )LO = (yˆ
u,d
11 )LO, we have y˘
′
c,s ' y˘c,s 7 and the (12) block of M˜D(KK)
turns out to be:
(
M˜D(KK)
)
12
=

f−1Q f
−1
s r00y˘sx f
−1
Q r101y˘cx f
−1
Q r10y˘sx
f−1Q r101√
2
y˘cx
0 e
iθc
2
(r222y˘
∗
c − r22y˘∗s)x 0 e
iθc
2
(r222y˘
∗
c − r22y˘∗s)x
f−1s r10y˘sx
1
2
r111y˘cx r11y˘sx
1
2
r111y˘cx
0 − eiθc
2
(r222y˘
∗
c + r22y˘
∗
s)x 0 − e
iθc
2
(r222y˘
∗
c + r22y˘
∗
s)x

(153)
7Notice that we also have y˘c ' y˘s, which is an exact equality for the LO Yukawa interactions.
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Because of the near degeneracy of r22 and r222, one concludes that the second row is approx-
imately vanishing. A similar pattern will emerge for the (21) block, where the third column
will be the one that approximately vanishes at this order. Considering the (13) block, we
recall that (yˆu,d13 )LO = (yˆ
u,d
11 )LO, which implies y˘
′
t,b ' y˘t,b, thus leading to(
M˜D(KK)
)
13
=
f−1Q f
−1
b r00y˘bx
f−1Q√
2
r01y˘bx
f−1Q√
2
r01y˘bx f
−1
Q r101y˘tx
0 e
iθb
2
(r222y˘
∗
t − r22y˘∗b )x e
iθc
2
(r222y˘
∗
t − r22y˘∗b )x 0
f−1b r10y˘bx
r11√
2
y˘bx
r11√
2
y˘bx r111y˘tx
0 − eiθb
2
(r222y˘
∗
t + r22y˘
∗
b )x − e
iθb
2
(r222y˘
∗
t + r22y˘
∗
b )x 0

(154)
It is already at this level that we notice the modifications induced by yt ' 2.8, as compared
to yu,c,d,s,b = 1. The difference of Yukawa couplings now spoils the vanishing of the second
row for the (13) block, differently from the (12) block. An analogous situation arises in the
third column of the (31) block.This will be the main obstacle in obtaining a fully analytical
diagonalization of all blocks involving the third generation.
Finally, we focus on the (23) block of M˜D(KK). From Eqs. (138) and (139) it is clear that
the O(1) terms in ObKKL,R correspond to a pi/4 rotations in the (23) subspace of the (M˜D(KK))23
block plus a phase θb = Arg(yb). Using (yˆ
u,d
23 )LO = ω
2(yˆu,d11 )LO, we get y˘
′′
t,b ' ω2y˘t,b and the
(23) block turns out to be:(
M˜D(KK)
)
23
=
ω2f−1Q f
−1
b r00y˘bx ω
2 f
−1
Q√
2
r01y˘bx ω
2 f
−1
Q√
2
r01y˘bx ω
2f−1Q r101y˘tx
0 −ωe
iθb√
2
r22y˘
∗
bx
ωeiθb√
2
r22y˘
∗
bx 0
−ω2eiθc√
2
f−1Q r10y˘b −(ω
2eiθc
2 y˘br11 +
ωeiθb
2 y˘
∗
t r222)x (
−ω2eiθc
2 y˘br11 +
ωeiθb
2 y˘
∗
t r222)x
−ω2eiθc√
2
r111y˘tx
ω2eiθc√
2
f−1Q r10y˘b (
ω2eiθc
2 y˘br11 − ωe
iθb
2 y˘
∗
t r222)x (
−ω2eiθc
2 y˘br11 +
ωeiθb
2 y˘
∗
t r222)x
ω2eiθc√
2
r111y˘tx

(155)
As expected, the cancellation pattern we encountered in the (12) block gets modified even
further than in the (13) block, due to the different rotations involved in the (23) block of
M˜D(KK). Observing Eqs. (153)– (155), we realize that the distribution of the 1, ω and ω
2
factors in the off-diagonal blocks of M˜D(KK) approximately corresponds to the one of the
leading order Yukawa couplings (yˆu,dij )LO, up to complex conjugations of terms proportional
to y˘∗u,c,t,d,s,b. For this reason, we expect the A4 12×12 rotation matrices defined as O(U,D)A4L,R ≡
V u,dL,R⊗ 1˜4×4 to induce some cancellations among the various blocks of M˜D(KK). However, due
to the difference of yt from the rest of the LO Yukawa couplings and due to the different
rotations in each of the off-diagonal blocks of M˜D(KK), it is clear that the cancellations induced
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by O
(U,D)A4
L,R can never be exact, even if we only consider the LO Yukawa interactions. Thus,
the above diagonalization scheme will still fail to fully diagonalize the degenerate subspace.
On the other hand, off-diagonal elements in the non degenerate subspaces like the zero-KK
and a few KK-KK entries can be treated using non degenerate perturbation theory.
At this level, the exact structure of the approximate 12× 12 diagonalization matrices com-
posed of the ODKKL,R , O
(U,D)A4
L,R and the perturbative rotation matrices, used in attempting
the analytical diagonalization, is very complicated and impossible to write in a compact
way. Instead, to better estimate the inaccuracy of this diagonalization scheme, we assign
yu,c,d,s,b = 1, yt ' 2.8 and set the bulk masses according to Eq. (110), which yield the phys-
ical running quark masses at the scale R′−1 ' 1.8 TeV and fix all the overlap correction
factors. The NLO Yukawas are assigned according to Eq. (12), to provide a realistic CKM
matrix in the ZMA. The x parameter is left unassigned. We then write the magnitude of the
off-diagonal elements in the degenerate subspace of M˜D(KK)M˜
D†
(KK) to gain an insight into the
“contaminations”, which can not be treated using non degenerate perturbation theory and
can only be partly reduced by the O
(D)A4
L rotation matrices. A similar procedure is followed
for M˜D†(KK)M˜
D
(KK) and the right-handed rotations.
From Eqs. (142)– (144), we learn that the degenerate subspace approximately decomposes
in two blocks, one corresponding to the (2, 4, 6) subspace, where all KK masses are approx-
imately 1.1MKK and the (3, 7, 8, 10, 11) subspace
8, where all KK masses are approximately
MKK ' 2.55R′−1. In M˜D(KK)M˜D†(KK) these masses appear squared, since every diagonal block
is proportional to a diagonalized one-generation KK mass matrix squared plus additional
O(x2) terms. Hence in total, we have the squared spectrum (1.21, 1, 1.21, 1.21, 1, 1, 1, 1) on
the diagonal of the (2, 3, 4, 6, 7, 8, 10, 11) subspace of M˜D(KK)M˜
D†
(KK), and the contaminations
in the same subspace amount to
(M˜DM˜D†)(KKDeg.) ≈
1.21 O(x2) O(x2) 0.03x 0.02x 0.02x −0.1x −0.15x
O(x2) 1 O(x2) 0.2x 0.25x 0.2x 0.25x 0.25x
O(x2) O(x2) 1.21 −0.03x −0.25x 0.25x 0.05x 0.2x
0.03x 0.2x −0.03x 1.21 O(x2) O(x2) (−0.05 + 0.15i)x −0.05 + 0.1ix
0.02x 0.25x −0.25x O(x2) 1 O(x2) 0.25ix 0.2ix
0.02x 0.2x 0.25x O(x2) O(x2) 1 −0.1x −0.14x
−0.1x 0.3x 0.05x (−0.05 + 0.15i)x 0.25ix −0.1x 1 O(x2)
−0.15x 0.3x 0.2x (−0.05 + 0.1i)x 0.2ix −0.14x O(x2) 1

(156)
We realize that the largest contaminations of O(0.25x) are numerically suppressed by three
orders of magnitude compared to the diagonal entries for x ' 0.04, which corresponds to
R′−1 = 1.8 TeV. For this reason, the results of the approximate analytical diagonalization
scheme can still provide an order of magnitude estimate for the physical couplings between
zero modes and KK modes. From the above matrix, one can also infer the way ODKKL
8Since the contaminations in the off-diagonal elements of the degenerate subspace are of O(x), the O(x)
corrections to the KK masses will have a minor effect on this estimation.
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deviates from the “true” diagonalization matrix; in particular it is evident that the first
row of ODKKL is the least contaminated. This qualitatively explains why the semianalytical
estimation for the neutron EDM is in better agreement with the numerical result than in the
case of ′/ and b→ sγ. We have failed to find a better analytical method which would allow
us to further diagonalize the contaminated subspace of Eq. (156). Nevertheless, the adopted
scheme allows to qualitatively understand the way some of the cancellation mechanisms still
act in the full 12 × 12 case. An analogous situation occurs for (M˜D†M˜D)(KKDeg.) and the
right-handed diagonalization matrix ODKKR .
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